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Os citros e seus subprodutos são uma das principais commodities brasileiras. No entanto, desde o 
surgimento da doença Huanglongbing (HLB) no país, em 2004, o setor citrícola vem sofrendo 
grandes perdas de produção. A principal espécie causadora do HLB nos pomares de citros é a 
bactéria Candidatus Liberibacter asiaticus (CLas) e a transmissão dessa bactéria ocorre, 
principalmente, por meio do vetor Diaphorina citri (Kuwayama). Muitos estudos vêm sendo 
desenvolvidos com a finalidade de compreender diversos aspectos desse patossistema, 
principalmente o que concerne à interação planta-patógeno, contudo, os estudos que contemplam 
os mecanismos genéticos e fisiológicos da interação entre o patógeno e o seu vetor são escassos 
e recentes. Embasado nessas informações, objetivou-se com esse trabalho contribuir com os 
esforços de se ampliar os conhecimentos acerca dos aspectos fisiológicos e genéticos de D. citri 
na interação com CLas. Inicialmente observou-se que na presença constante de uma fonte de 
CLas, o número de psilídeos infectados com essa bactéria, aumenta ao longo das gerações. Além 
disso, o título bacteriano no interior do inseto também cresceu ao longo das quatro gerações. A 
detecção de CLas nessa população foi possível através do desenvolvimento de novos primers 
específicos para a detecção dessa bactéria via Real-time PCR (Sybr-green). Em seguida, realizou-
se a avaliação da expressão dos genes do metabolismo energético de D. citri e de genes 
sabidamente envolvidos na interação entre insetos e microrganismos em quatro diferentes instares 
desse inseto e em resposta a CLas. Tais análises demonstraram a fase adulta é o estágio que D. 
citri está mais ativo metabolicamente, e na presença de CLas, a maioria dos genes envolvidos 
com metabolismo energético de D. citri são reprimidos. Uma vez que a alimentação é o principal 
meio de transmissão de CLas por D. citri, foi realizada a predição de genes candidatos a efetores 
desse inseto que posam estar envolvidos nesse processo. Foram identificados seis genes 
candidatos a proteínas potencialmente secretadas na saliva de D. citri e que modulados em reposta 
a CLas. Silenciamento desses genes por meio de RNA interferente promoveu alterações no 
comportamento alimentar e aumento na mortalidade do inseto. Adicionalmente observou-se que 
os efetores de D. citri preditos nesse trabalho estão diretamente relacionados com a alimentação 
desse inseto, indicando que essas proteínas podem ser alvos interessantes para se compreender a 
interação entre D. citri, CLas e citros. RNAi e EPG (Electrical Penetration Graph) se mostraram 
como poderosas ferramentas para a compreensão do comportamento alimentar de D. citri. Por 
fim, pode-se concluir que esse trabalho possibilitou um novo olhar acerca das alterações 
metabólicas que ocorrem durante a metamorfose de D. citri, constituindo uma informação 
importante para traçar novas estratégias de controle desse inseto. 





Citrus and theirs’s subproducts are one of the most important commodities of Brazil, however, 
since the discovery of Huanglongbing (HLB), in 2004, the sector has been suffering dramatic 
loses of production. The main causal agent of HLB in Brazil is Candidatus Liberibacter asiaticus 
(CLas). The bacteria are transmitted, mainly, by Asian citrus psyllid, Diaphorina citri Kuwayama 
(ACP). Many studies have been developed with the aim of elucidating aspects of these 
pathosystem, primarily on plant-pathogen interactions. However, studies on interaction of the 
pathogen and its insect vector are scare and recent. Based on that, we aim cooperate with efforts 
to understand the genetics and physiological mechanisms of D. citri and CLas interactions. First, 
it was observed that in the presence of a constant source of CLas, the number of D. citri infected 
by these bacteria increases across four generations of this insect. The bacterial title also increases 
across four ACP generations. CLas detection in this ACP population was possible by design of 
specific primers for CLas detection via Syber Real-Time PCR system. Further, were determined 
the dynamics of expression of D. citri energetic metabolism genes and bacterial interaction-
related genes on four different life stages and between CLas -free and CLas - infected insects. As 
a result, it was observed that D. citri adult phase present elevated metabolic activity compared 
with other instars. Suppression of D. citri energetic metabolism genes was observed on CLas - 
infected insects. Once feeding is the main process of transmission of CLas by D. citri, we predict 
genes candidate effectors. Six proteins were identified as able to be secreted on D. citri saliva. 
The genes of are modulated by CLas. Moreover, were evidenced that predicted D. citri effectors 
are straight related do D. citri feeding, indicating that these proteins may be important for 
interactions between D. citri, CLas and citrus. RNAi and EPG (electrical penetration graph) are 
powerful tools to study D. citri feeding behavior. CLas. RNAi-silencing of those genes promoted 
interference on D. citri feeding and mortality. In conclusion, this work allowed a new glimpse 
about metabolic alterations across D. citri metamorphosis which are important for determination 
of new strategies of control of this vector. 
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Huanglongbing (HLB) (greening) é a doença mais devastadora no cenário 
citrícola atual. Causada por alfa-protobactérias Gram-negativas do gênero Liberibacter, 
a doença afeta todas as importantes variedades comerciais de citros, incluindo laranjas 
doces (Citrus sinensis L. Osbeck), tangerinas (Citrus reticulata Blanco), limões (Citrus 
limon L. Osb), Limas ácidas (Citrus latifolia, Tanaka) pomelos (Citrus paradisi) e 
toranjas (Citrus maxima) (HAAPALAINEN, 2014; IFTIKHAR et al., 2014; WANG, 
2019).  
A doença caracteriza-se pelo amarelecimento das nervuras e manchas cloróticas 
irregulares no limbo foliar (mosqueamento) que podem progredir para o completo 
amarelecimento da folha. Os frutos são assimétricos, de tamanho reduzido, com inversão 
de cores, columela central distorcida e com abortamento de sementes (Figura 1). Podem 
ocorrer florações fora de época, intensa desfolha, morte de ramos, queda de frutos e 
declínio radicular, além do aparecimento de folhas pequenas, eretas, com manchas 
cloróticas, similares às encontradas em plantas com deficiências nutricionais (BOVÉ, 
2014; WANG; TRIVEDI, 2013). 
 
Figura 1: Sintomas de HLB em folhas e fruto de laranja doce (Citrus sinensis). A- mosqueamento; B- 
espessamento de nervuras; C- folha corticosa; D- fruto com columela distorcida e sementes abortadas 
(Fonte: Tiago Silva Oliveira) 
 
A severidade e intensidade de sintomas podem variar de acordo com a espécie do 
hospedeiro e do patógeno. Laranjas doces (Citrus sinensis) são mais suscetíveis à doença, 
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apresentando sintomas mais severos, ao passo que Poncirus (Poncirus trifoliata) é 
descrito como um genótipo tolerante, não apresentando sintomas característicos 
(BOSCARIOL-CAMARGO et al., 2010; SHI et al., 2019). 
O HLB é transmitido experimentalmente por meio de enxertia com borbulhas 
contaminadas, através de cuscuta (Cuscuta spp.) e, em condições de campo, por insetos 
vetores. Diaphorina citri Kuwayama (Hempitera: Liviidae) é o inseto responsável pela 
transmissão de Candidatus Liberibacter asiaticus (CLas) e Candidatus Liberibacter 
americanus (CLam). Trioza erytreae Del guercio (Hempitera: Liviidae), que não ocorre nas 
Américas, é responsável pela transmissão da bactéria Candidatus Liberibacter africanus 
(CLaf) (BOVÉ, 2014; HAAPALAINEN, 2014). 
As medidas de controle do HLB consistem, principalmente, no controle do inseto 
vetor por meio da utilização de inseticidas e erradicação de plantas sintomáticas e 
assintomáticas próximas (MIRANDA et al., 2018; WANG, 2019). Na Flórida, onde os 
danos causados pelo HLB são mais severos, antibióticos de amplo espectro vêm sendo 
aplicados para mitigar os danos causados por essa doença. No entanto, a possibilidade do 
surgimento de estirpes resistentes e efeitos do uso frequente desses compostos para a 
saúde humana, animal e desequilíbrio ambiental ainda são questionados (ASCUNCE et 
al., 2018; DING et al., 2018; HU; JIANG; WANG, 2018). Termoterapia também vem 
sendo estudada como uma estratégia de controle das bactérias causadoras dos HLB, bem 
como a utilização dessa técnica em associação com fertilizantes e indutores de resistência 
(LI et al., 2018; VINCENT et al., 2019). Plantas submetidas a temperaturas superiores a 
40°C apresentaram títulos indetectáveis de CLas após 180 dias de tratamento 
(BLAUSTEIN; LORCA; TEPLITSKI, 2018; MUNIR et al., 2018). Outra forma de 
controle estudada é a utilização de controle biológico de D. citri, como o parasitóide 
Tamarixia radiata, Waterston (Hymenoptera: Eulophidae) e as joaninhas Harmonia 
axyridis, PalLas (Coleoptera, Coccinellidae), Olla v-nigrum, Mulsant (Coleoptera: 
Coccinellidae) e Adalia bipunctata, Linnaeus (Coleoptera: Coccinellidae) (GEBIOLA et 
al., 2018; HUANG et al., 2018; KHAN et al., 2016). No entanto, o emprego desses 
organismos é comprometido pela extensa utilização de inseticidas nos pomares citrícolas 
(PARRA et al., 2010). Técnicas de silenciamento gênico e utilização de microrganismos 
entomopatogênicos também vêm sendo estudadas visando o controle do inseto vetor 
(CHOW et al., 2018; DE OLIVEIRA DORTA et al., 2018; GALDEANO et al., 2017; 
KISHK et al., 2017; YU; GOWDA; KILLINY, 2017). 
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Na Flórida, o HLB reduziu 58% a produção de laranjas e já acumula perdas de 2,9 
bilhões de dólares desde a descoberta da doença, em 2005 (MUNIR et al., 2018). 
Atualmente no Brasil, 18,15% das plantas do cinturão citrícola, que compreende o Estado 
de São Paulo e o triângulo mineiro, apresenta HLB o que corresponde a, 
aproximadamente, 35 milhões de plantas infectadas. O HLB e outros problemas 
fitossanitários foram responsáveis pela redução de 28% na produção citrícola brasileira 
na safra 2018/2019 (FUNDECITRUS, 2018).  
 
Bactérias Candidatus Liberibacter spp. 
Três espécies de bactérias são descritas como causadoras do HLB: Candidatus 
Liberibacter asiaticus (CLas), encontra-se distribuída por todos os continentes afetados 
pelo HLB, com exceção do continente africano; Ca. Liberibacter americanus (CLam), 
encontrada apenas no Brasil e Ca. Liberibacter africanus (CLaf), restrita ao continente 
africano. Essas bactérias não são restritas a citros e podem colonizar outras plantas como 
Cleome rutidosperma DC, Pisonia aculeata (L.) Vell, Trichostigma octandrum (L.) 
H.Walter, Murraya paniculata e Clausena lansium (Lour.) Skeels (BROWN et al., 2011; 
IFTIKHAR et al., 2014). Experimentalmente observou-se que CLas é capaz de colonizar 
plantas de vinca (Catharanthus roseus [L.] G. Don), cuscuta (Cuscuta indecora, Choisy), 
tabaco (Nicotiana tabacum Gilib) e tomate (Lycopersicon esculentum, Mill) (DUAN et 
al., 2008; HARTUNG et al., 2010; LIU et al., 2019) 
CLas é o principal agente causal de HLB no continente americano e, apesar de 
diversas tentativas, não teve o postulado de Koch validado até o presente momento devido 
à inexistência de metodologia eficaz de isolamento e cultivo in vitro dessa bactéria 
(FUJIWARA; IWANAMI; FUJIKAWA, 2018; MERFA E SILVA et al., 2019; PARKER 
et al., 2014; SECHLER et al., 2009). Essa bactéria apresentam genoma de tamanho 
bastante reduzido com ausência de genes de diversas vias biossintéticas importantes, 
tornando-a altamente dependente do hospedeiro para a obtenção de aminoácidos e 
carboidratos. (FAGEN et al., 2014). Do mesmo modo, observa-se que CLas. não 
apresenta algumas ferramentas importantes para a colonização do hospedeiro, como 




Em contrapartida, foram identificadas em CLas outros mecanismos que atuam na 
colonização e patogenicidade, como por exemplo, o sistema de secreção tipo I e sistema 
de secreção Sec-dependente. Além disso, CLas apresenta dois profagos: SC1 e SC2, o 
primeiro é capaz de realizar ciclo lítico em planta, e o segundo apesar de não apresentar 
genes para a realização de ciclo clítico, apresenta fatores de patogenicidade importantes 
para a interação dessas bactérias com o hospedeiro (FLEITES et al., 2014; FU et al., 2015; 
ZHANG et al., 2011; ZHENG et al., 2017). A ação e importância dos fatores de 
patogenicidade de Ca Las nas interações com seus hospedeiros serão descritas em 
detalhes nos tópicos abaixo.  
Diaphorina citri  
O inseto D. citri é o principal vetor de Ca. Liberibacter spp e encontra-se 
distribuído pelos continentes americano e asiático. Com exceção de grandes infestações, 
o inseto não causa grandes danos à planta hospedeira e por muito tempo foi considerada 
praga secundária da cultura de citros até aparecimento do HLB no Brasil (ALVES; 
DINIZ; PARRA, 2014; HALL et al., 2013, PARRA et al. 2010). 
Oligófago, D. citri habita apenas plantas da família Rutaceae. Além disso, o inseto 
é altamente hospedeiro-seletivo, o que influencia em seu desenvolvimento, tamanho, 
longevidade e reprodução (FELISBERTO et al., 2019; PIMPINATO; ALVES; 
YAMAMOTO, 2017; SÉTAMOU; DA GRAÇA; SANDOVAL, 2016).  
Diaphorina citri apresenta desenvolvimento hemimetábulo, cuja fase adulta é 
precedida por cinco estágios ninfais. O tempo necessário para que esse ciclo se complete 
é de aproximadamente 20 dias, dependendo das condições ambientais (LIU; TSAI, 2000; 
PARRA et al., 2007). Quando adultos, os psilídeos podem apresentar três cores distintas 
de abdômen: cinza-amarronzado, azul-esverdeado e amarelo-alaranjado, que estão 
diretamente relacionados com o fitness do inseto e sua maturidade sexual. Insetos azul-
esverdeados apresentam maiores níveis de hemocianina do que insetos que apresentam 
cores cinza-amarronzado e amarelo-alaranjado no abdômen, indicando maior eficiência 
no transporte de oxigênio (RAMSEY et al., 2017). Psilídeos com abdômen azul-
esverdeados também demonstram maior capacidade de voo (CHEN et al., 2018b; 
MARTINI; HOYTE; STELINSKI, 2014). A cor amarelo-alaranjada é frequentemente 
associada a fêmeas copuladas e, insetos que apresentam essa cor também são altamente 
suscetíveis a inseticidas (CHEN et al., 2018b; TIWARI et al., 2013; WENNINGER; 
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HALL, 2008). A maturidade sexual dos psilídeos é atingida dois a três dias após a eclosão 
e as fêmeas começam a ovipositar um dia após a cópula, podendo colocar até 800 ovos 
ao longo de sua vida (WENNINGER; HALL, 2007).  
Diaphorina citri se alimenta preferencialmente nos vasos floemáticos de ramos 
jovens da planta hospedeira (EBERT et al., 2018). Psilídeos adultos são capazes de se 
alimentar tanto em tecidos velhos ou jovens, assumindo um ângulo de 45° com a 
superfície da folha. Contudo, os estágios de ninfa, menos móveis e com estiletes menores, 
se alimentam exclusivamente em brotações e folhas jovens, os quais apresentam os vasos 
floemáticos mais próximos da superfície (AMMAR; HALL; SHATTERS, 2013; GARZO 
et al., 2012).  
A aquisição de Ca. Liberibacter spp. por D. citri se dá por meio da alimentação 
em plantas infectadas (Figura 2). As bactérias adquiridas por D. citri passam para a 
hemolinfa através da parede do canal alimentar, onde circulam por todo o corpo do inseto 
e são transportadas para as glândulas salivares. A transmissão da bactéria pelo inseto 
ocorre através das secreções salivares durante sua alimentação (HALL et al., 2013; 
ORLOVSKIS et al., 2015).  
 
Figura 2: Processo esquemático de aquisição e transmissão de CLas por D. citri. Psilídeos adquirem a 
bactéria durante a ingestão do floema. CLas atravessa o trato digestivo do inseto e atinge a hemolinfa. A 
partir da hemolinfa, CLas se distribui por todos os órgãos e tecidos de D. citri, colonizando principalmente 
a glândula salivar e é transmitida através da saliva para outras plantas quando o inseto se alimenta. Adaptado 
de: Ammar, 2009.  
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Ninfas de quarto e quinto instares apresentam maior capacidade de aquisição de 
CLas do que insetos adultos (PELZ-STELINSKI et al., 2010; WU et al., 2018a), devido 
aos longos períodos em que as ninfas se alimentam do floema da planta hospedeira em 
comparação com a fase adulta (GEORGE et al., 2018). Maiores taxas de transmissão são 
observadas em insetos adultos que adquiriram a bactéria em sua fase ninfal do que em 
insetos que adquiriram a bactéria em fase adulta (INOUE et al., 2009; PELZ-STELINSKI 
et al., 2010). Além disso, há indícios de que CLas é capaz de se multiplicar nos estágios 
imaturos do inseto, mas não na fase adulta (AMMAR et al., 2011; INOUE et al., 2009). 
Estudos demonstraram que a proporção de psilídeos adultos CLas-positivos reduz 
drasticamente 12 dias após a transferência desses insetos de plantas infectadas com CLas 
para plantas sadias. Em contrapartida, a proporção de ninfas CLas-infectadas se mantém 
praticamente inalterado 12 dias após o período de aquisição (WU et al., 2018a). Machos 
contaminados com CLas são capazes de transmitir a bactéria para as fêmeas durante a 
cópula e estas apresentam a capacidade de transmitir, em baixa frequência, CLas para a 
sua prole transovariamanente (MANN et al., 2011; PELZ-STELINSKI et al., 2010). 
 
Patossistema HLB: interações citros-psilídeo-bactéria 
O patossistema HLB é modulado por mecanismos genéticos e fisiológicos 
complexos, o que dificulta o estabelecimento de estratégias eficientes de manejo dessa 
doença. CLas promove significativas alterações transcricionais em suas plantas 
hospedeiras, causando reprogramação de várias vias de defesa, metabolismo de 
carboidratos, síntese de hormônios, carotenoides, entre outros (KILLINY; NEHELA, 
2017a, 2017b; NEHELA et al., 2018; TAMBORINDEGUY et al., 2017). Nas raízes de 
plantas infectadas, CLas promove alteração em genes envolvidos na absorção de ferro, 
zinco, nitrogênio e potássio, induz a expressão de genes envolvidos com a síntese e 
degradação de calose e a inibição de genes de detoxificação como citocromo P450 
(GRANATO et al., 2019; ZHONG et al., 2015). Na espécie tolerante limão rugoso (C. 
jambhiri), CLas promove ativação mais acentuada das vias relacionadas a defesa e 
sinalização das MAPK-kinases (mitogen activated protein kinase) e os fatores de 
transcrição WRKY em comparação com as laranjas doces (C. sinensis - espécie suscetível 
ao HLB) (YU et al., 2017). Maior ativação de genes de defesa também foram observados 
em citrumelo Swingle (C. paradisi X Poncirus trifoliata) em comparação com tangerina 
Cleópatra (C. reshni) (WU et al., 2018b). Estudos demonstram que as cloroses observadas 
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em plantas infectadas por CLas podem resultar do aumento da produção de espécies 
reativas de oxigênio (ROS), seguido da supressão de genes envolvidos na detoxificação 
desses compostos como catalases e superóxido dismutase (PITINO; ARMSTRONG; 
DUAN, 2017).  
Diversos genes de CLas importantes para evitar o reconhecimento da planta 
hospedeira e, consequentemente, suprimir respostas de defesa foram descritos nos últimos 
anos. CLas apresenta uma flagelina capaz de induzir deposição de calose, mas não induz 
reação de hipersensibilidade (HR). Uma vez que reação de hipersensibilidade é uma 
resposta clássica de ativação de respostas de defesa, esses resultados levam a inferência 
de que a flagelina de CLas é um elicitor fraco de defesas da planta (YAN et al., 2013; 
ZOU et al., 2012). O profago SC2 de CLas apresenta uma peroxidase que atua na 
eliminação dos efeitos de ROS in vitro e in planta (JAIN; FLEITES; GABRIEL, 2015). 
Ainda no profago SC2, foram identificadas peroxiredoxinas que interferem na deposição 
de calose e a produção de compostos antimicrobianos que podem desencadear respostas 
de hipersensibilidade (JAIN et al., 2018). Expressão transiente de uma proteína de função 
desconhecida presente no profago de CLas induz clorose em mudas de Arabidopsis 
(SUDHAN et al., 2018). Adicionalmente, CLas apresenta uma ácido salicílico hidroxilase 
que burla as respostas de defesa da planta por meio da degradação de ácido salicílico e 
redução da produção de respostas de hipersensibilidade (LI et al., 2017). Recentemente, 
efetores de CLas foram preditos (PITINO et al., 2016). Dentre eles, o efetor Las5315mp 
demonstrou grande importância na patogenicidade dessa bactéria, induzindo o acúmulo 
de amido, a deposição de calose e morte celular em Nicotiana benthamiana (HAO et al., 
2019; PITINO et al., 2016; PITINO; ALLEN; DUAN, 2018; SHI et al., 2019). Um efetor 
secretado pelo sistema SEC (SDE1) de CLas interage com cisteína proteases de citros 
impedindo sua atividade. Cisteínas proteases são reguladores de defesas da planta e atuam 
na indução de resistência a um amplo espectro de patógenos (CLARK et al., 2018). 
Estudos sobre os mecanismos genéticos que permeiam as interações entre D. citri 
e suas plantas hospedeiras são recentes. A alimentação de D. citri promove aumento na 
produção de clorofila em plantas de citros (KILLINY; NEHELA, 2017a), redução dos 
níveis de glutamato e aspartato nessas plantas e modulação das vias de ácido salicílico e 
jasmonato (KILLINY; NEHELA, 2017b; NEHELA et al., 2018). Por outro lado, CLas 
modula compostos voláteis da planta hospedeira que podem alterar a atratividade dos 
psilídeos e promover a dispersão da bactéria indiretamente. Estudos demonstram que 
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plantas infectadas por CLas são mais atrativas aos psilídeos. No entanto, devido às 
condições nutricionais dessas plantas, D. citri tende a se deslocar dessas para plantas 
sadias (HIJAZ; EL-SHESHENY; KILLINY, 2013; MANN et al., 2012). 
A presença de CLas altera diversos fatores do ciclo de vida de D. citri, por 
exemplo, longevidade (ocorre maior mortalidade de insetos adultos infectados), 
desenvolvimento (retarda o desenvolvimento dos estágios ninfais) e fecundidade (fêmeas 
infectadas apresentam maior oviposição) (CHEN et al., 2015; PELZ-STELINSKI; 
KILLINY, 2016; REN et al., 2016). Insetos infectados com essa bactéria são mais 
suscetíveis à ação de inseticidas (TIWARI; PELZ-STELINSKI; STELINSKI, 2011). Tal 
suscetibilidade está associada à redução do fitness do inseto decorrente da diminuição ou 
inibição da síntese de enzimas desintoxicantes como esterases, citocromos P450 e 
glutationa transferases (TIWARI et al., 2011a, 2011c; TIWARI; PELZ-STELINSKI; 
STELINSKI, 2011). 
Estudos de microscopia demonstraram que CLas induz morte celular programada 
nos tecidos epiteliais do intestino de D. citri adultos, bem como estresse oxidativo 
(GHANIM et al., 2016). Por outro lado, a indução de apoptose não foi observada em 
ninfas de D. citri infectadas por CLas, fato associado a uma resposta imune menos 
acentuada nos estágios imaturos de D. citri em comparação com o estágio adulto (MANN 
et al., 2018). Adicionalmente, observou-se que CLas tende a se alocar em vesículas do 
retículo endoplasmático de células de D. citri, estruturas similares às observadas em sítios 
de replicação virais em insetos vetores. A formação dessas estruturas pode constituir um 
ambiente seguro para a replicação de CLas no interior do inseto, evitando assim, 
compostos antibacterianos (GHANIM et al., 2017).  
Análises transcriptômicas demonstraram que a infecção por CLas promove grande 
interferência em diversas vias metabólicas do psilídeo, sugerindo estratégias do inseto 
para impedir o desenvolvimento do patógeno por meio da redução do acesso desses 
microrganismos a fontes de energia. Observou-se também uma significativa repressão de 
genes do sistema imune desses insetos, sendo os estágios de ninfa os que apresentaram a 
maior quantidade de genes reprimidos. Essa repressão pode chegar a 90% de genes 
envolvidos com imunidade. Esses resultados levam a inferência de que os estágios de 
vida do inseto é um fator crítico para a infecção, estabelecimento e transmissão de CLas. 
Além disso, pode-se supor que insetos adultos apresentam certa tolerância à infecção por 
CLas (FISHER et al., 2014; VYAS et al., 2015). 
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No interior do inseto, CLas super-expressa um gene com domínio Imelysin-like. 
Em outras bactérias, homólogos desse gene estão envolvidos na supressão imunológica 
de insetos, destruindo fatores antibacterianos na hemolinfa, o que indica que esse gene 
pode ser importante para a sobrevivência e propagação da bactéria no interior do inseto 
(YAN et al., 2013).  
Esses dados foram posteriormente complementados por meio de análises 
proteômicas, que demonstraram que CLas manipula o metabolismo energético de D. citri, 
suprimindo vários intermediários do ciclo do citrato (TCA), alterando o balanço 
energético ATP/ADP por meio da acumulação de ATP e espécies reativas de oxigênio 
(KILLINY et al., 2017b; KRUSE et al., 2017, 2018; PITINO; ARMSTRONG; DUAN, 
2017). 
Uma vez que CLas interfere significativamente na fisiologia de seu inseto vetor, 
principalmente nos estágios imaturos de desenvolvimento onde as taxas de aquisição e 
transmissão da bactéria são maiores, faz-se necessário a ampliação dos conhecimentos 
sobre a genética de D. citri em interação com CLas.  
 
Efetores de insetos e suas interações 
Interação planta-patógeno-vetor consiste em respostas genéticas e fisiológicas 
complexas resultantes de um constante processo co-evolutivo entre as plantas e seus 
hóspedes. O modelo evolutivo que explica essa interação foi descrito por JONES & 
DANGL (2006) e comparado a uma “corrida armamentista”. Receptores presentes na 
superfície celular da planta reconhecem padrões moleculares presentes no patógeno. 
Esses padrões são denominados Padrões Moleculares Associados a Microrganismos 
(P/MAMP-Pathogen/Microbe‐Associated Molecular Patterns) quando essas moléculas 
derivam de bactérias e fungos, e Padrões Moleculares Associados a Herbivoria (HAMP- 
Herbivory Associated Molecular Patterns ou DAMP- Damadge Associated Molecular 
Patterns) quando essas moléculas originam de artrópodes (Figura 3-A). O 
reconhecimento desses padrões moleculares ativa a primeira linha de defesa denominada 
Imunidade desencadeada por PAMP/MAMP/HAMP (PTI- PAMP‐Triggered Immunity) 
ou imunidade basal. Visando burlar esse reconhecimento, os patógenos evoluíram 
moléculas capazes de “burlar” as respostas PTI (Figura 3-B): Essas moléculas são 
chamadas de efetores (JONES; DANGL, 2006). Conceitualmente, efetores são moléculas 
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secretadas/liberadas por um organismo que alteram a fisiologia de outro organismo. Essas 
moléculas podem atuar dentro ou fora da célula hospedeira manipulando a Imunidade 
inata da planta, promovendo a susceptibilidade desencadeada por efetor (ETS-Effector-
Triggered Suceptibillity) (DALIO et al., 2017). 
A segunda linha de defesa da planta consiste no reconhecimento, direto ou 
indireto, dos efetores produzidos pelo patógeno ativando a Imunidade desencadeada por 
efetor (ETI-Effector-Triggered Immunity) (Figura 3-C). Esse reconhecimento é realizado 
por proteínas NB-LRR (nucleotide binding -leucine rich repeat domains), codificadas por 
genes de resistência (genes R) (SU et al., 2018). Seguindo o fluxo evolutivo, os patógenos 
diversificam e evoluem novas moléculas efetoras para evitar ETI, e consequentemente, 
as plantas evoluem novas proteínas NB-LRR em resposta a esses novo efetores (JONES; 
DANGL, 2006). 
Tratando das interações planta-inseto, as plantas podem reconhecer toque, danos 
causados pela alimentação do inseto, secreções orais e de oviposição, bem como elicitores 
de endossimbiontes (HILKER; FATOUROS, 2015; MONDAL, 2017; SCHUMAN; 
BALDWIN, 2016; ZHAO et al., 2018). Beta glucosidases, ácidos graxos conjugados com 
aminoácidos, ácidos graxos contendo enxofre, peptídeos resultantes da digestão de 
proteínas da planta são exemplos clássicos de HAMPs (BASU; VARSANI; LOUIS, 
2018).  
Por outro lado, os receptores da planta que reconhecem esses elicitores ainda não 
são muito bem conhecidos (XU et al., 2015). Receptores que reconhecem essas moléculas 
são denominados PRRs (Pattern Recognition Receptor) e até o presente momento, PRRs 
que reconhecem DAMPS, são os mais bem caracterizados. O receptor de glutamato 
GLR3, por exemplo, reconhece ferimentos mecânicos e ferimentos decorrentes da 
alimentação de insetos em Arabidopsis thaliana (FORDE; ROBERTS, 2014). O PRR de 
arroz PEPR1, reconhece peptídeos da própria planta, produzidos durante a alimentação 
de insetos mastigadores e desencadeando resposta de defesa (SHINYA et al., 2018). 
Ainda em arroz, um receptor LRR-RLK (leucine-rich repeat receptor-like kinase) ativa 
vias de sinalização em resposta a secreções orais de Spodoptera frugiperda, J.E. Smith 
(Lepidoptera: Noctuidae)  (HU et al., 2018). O receptor LRR-RLK-DORN1 de A. 
thaliana, reconhece moléculas de ATP liberadas durante a alimentação de insetos 
mastigadores, ativando assim, respostas de defesa (TANAKA et al., 2014). 
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De forma geral, as respostas desencadeadas por HAMPS/DAMPS são similares 
às de elicitores de microrganismos como: fluxo de cálcio, seguido pela ativação de vias 
de sinalização dependentes de cálcio e/ou vias MAP-kinases (Mitogen-activated protein 
kinase), produção de espécies reativas de oxigênio (ROS), ativação de vias hormonais, 
especialmente via do jasmonato e do ácido salicílico, produção de metabólitos 
secundários, emissão de voláteis, síntese de calose, entre outros (DURAN-FLORES; 
HEIL, 2016; LOUIS et al., 2015; SANTAMARIA et al., 2018; SCHUMAN; BALDWIN, 
2016; SHINYA et al., 2016; YAN et al., 2016). 
Os efetores estão frequentemente presentes na saliva dos insetos (HOGENHOUT; 
BOS, 2011; STUART, 2015). Um dos efetores mais bem conhecidos é a proteína C002, 
presente na glândula salivar de diversas espécies de afídeos (Hemiptera: Aphididae) como 
Acyrthosiphon pisum Harris, Myzus persicae Sulzer e Schizaphis graminum Rondani 
(MUTTI et al., 2008; PITINO et al., 2011; ZHANG et al., 2015). C002 é importante para 
a interação dessas espécies com as plantas hospedeiras, influenciando a alimentação e 
reprodução (BOS et al., 2010; PITINO et al., 2011,CAROLAN et al., 2009; MUTTI et 
al., 2008). Os efetores Mp10 e Mp55 de M. persicae induzem respostas de defesa em 
Nicotiana benthamiana e interferem na fecundidade do afídeo. Quando agroinfiltrado em 
plantas de N. benthamiana, Mp10 induz clorose e morte celular. Adicionalmente, esse 
efetor é capaz que suprimir respostas e defesa ocasionadas pelo elicitor bacteriano 
flagelina, indicando que esse efetor apresenta dupla-ação: Mp10 pode induzir e/ou 
suprimir respostas de defesa (BOS et al., 2010; DRUREY et al., 2017; MUGFORD et al., 
2016; RODRIGUEZ et al., 2014). Mp55 promove a redução da deposição de calose e 
estresse oxidativo em A. thaliana favorecendo a infestação dessa planta pelo inseto 
(ELZINGA; DE VOS; JANDER, 2014).Similar aos efetores de M. persicae, as proteínas 
Me10 e Me23 do afídeo da batata Macrosiphum euphorbiae Thomas (Hemiptera: 
Aphididae), suprimem respostas de defesa e favorecem a fecundidade do inseto nas 
plantas hospedeiras. Me23 em especial, age como antioxidante reduzindo os efeitos do 
estresse oxidativo (ATAMIAN et al., 2013). Já a proteína mucina secretada pela glândula 
salivar de Nilaparvata lugens Stal (Hemiptera: Delphacidae), promove supressão de 
genes de defesa da planta de arroz, bem como deposição de calose e indução de morte 
celular (SHANGGUAN et al., 2017)  
Recentemente, foram identificados dois efetores de mosca branca, Bemisia tabaci 
Gennadius (Hemiptera: Aleyrodidae), importantes para a interação desse inseto com seus 
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hospedeiros. O efetor Bsp9 suprime respostas de defesa por meio da interação desse com 
fatores WRKY e via da sinalização MAPK, favorecendo a infestação de plantas 
hospedeiras por esse inseto e a transmissão de vírus fitopatogênicos (WANG et al., 2019). 
Expressão transiente de três efetores de B. tabaci suprimem reações de hipersensibilidade 
ocasionadas pelas bactérias Ralstonia solanacearum e Pseudomonas syringae em N. 
benthamiana. Essa supressão ocorreu devido a ativação da via de resistência sistêmica 
adquirida (SAR) pelos efetores, o que limitou o desenvolvimento desses patógenos nessa 
planta (LEE et al., 2018).  
Em contrapartida, genes de resistência que medeiam respostas de defesa contra 
efetores de insetos não são muito conhecidos. Em tomate, a proteína NBS-LRR, Mi-1.2 
interage com os receptores transmembranares SlSERK1 (Somatic embryogenesis 
receptor kinases), impedindo a infestação dessas plantas por M. euphorbiae. As 
suposições para a ocorrência desse fenômeno são as de que Mi-1.2 reconhece (guarda) a 
resposta do receptor SlSERK1 ou de uma proteína PR (pathogenesis-related proteíns) 
requerida para a função desse receptor, ou que Mi-1.2 reconhece moléculas efetoras, 
desencadeando resposta PTI que são reconhecidas pelo receptor, a terceira hipótese é a 
de que Mi-1.2 atua entre o reconhecimento dos efetores de M. euphorbiae e o receptor 
SlSERK1 (Peng et al., 2016). Análise de genomas identificou em melão (Cucumis melo) 
uma região de alta densidade de genes que codificam proteínas NBS-LRR (GONZÁLEZ 
et al., 2014). Nessa análise identificou-se um locus Vat que confere a essa planta 
resistência a várias espécies de afídeos como Aphis gossypii Glover (Hemiptera: 
Aphididae) e M. euphorbiae a transmissão de vírus (BOISSOT et al., 2016; BOISSOT; 
SCHOENY; VANLERBERGHE-MASUTTI, 2016; DOGIMONT et al., 2014). 
Adicionalmente, o gene PR6 de arroz, confere resistência a N. lugens provavelmente 
interferindo com a capacidade de alimentação desse inseto (JANNOEY et al., 2017). 
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Figura 3: Esquema do modelo evolutivo de interação entre planta e inseto. A: Elicitores de insetos (HAMP, 
DAMP), produzidos durante sua alimentação ou oviposição, são reconhecidos por receptores da planta 
desencadeando vias de sinalização dependentes de cálcio, vias hormonais, espécies reativas de oxigênio 
(ROS) que ativam respostas de defesa como a deposição de calose, produção de compostos voláteis (VOCS) 
e produção de metabólitos secundários, defesas denominadas imunidade desencadeada por padrões 
moleculares -PTI; B: Para burlar a ativação de defesa, os insetos evoluíram moléculas efetoras que podem 
interferir em várias fases dessas via de defesa como: impedindo o que os receptores reconheçam elicitores, 
suprimindo vias de sinalização ou respostas de defesa, desencadeando a susceptibilidade desencadeada por 
efetor-ETS; C: Em contrapartida, as plantas evoluem genes de resistência que codificam proteínas NBS-
LRR capazes de interagir direta e/ou indiretamente com as moléculas efetoras inibindo sua ação e 
desencadeando a imunidade desencadeada por efetor ETI. Seguindo o fluxo evolutivo, novos efetores são 
evoluídos pelos insetos para burlar ETI e consequentemente, novos genes R são desenvolvidos pelas plantas 
para suprimir os novos efetores.  
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Diversas ferramentas podem ser empregadas para o estudo de efetores de insetos, 
dentre elas destacam-se o silenciamento via RNA-interferente (RNA) e electrical 
penetration graph (EPG) que possibilitam um vislumbre da possível ação do efetor do 
inseto na interação com a planta hospedeira. O silenciamento de um efetor de Nephotettix 
cincticeps (Uhler, 1896) (Hemiptera: Cicadellidae), por exemplo, ocasionou a redução da 
ingestão do floema de plantas de arroz por esse inseto (MATSUMOTO; HATTORI, 
2018). O silenciamento do gene que codifica a proteína Muncin, promoveu redução da 
capacidade de alimentação e mortalidade em Nilaparvata lugens (Stål, 1854) (Hemiptera: 
Delphacidae) (SHANGGUAN et al., 2017). Em in interações entre a mosca branca Bemisia 
tabaci (Genn.) (Hemiptera: Aleyrodidae) e tomate, o silenciamento do gene que codifica 
Lacase promove mortalidade desse inseto (YANG et al., 2017). 
 
Silenciamento gênico via RNA interferente 
RNA interferente (RNAi) é um mecanismo de regulação gênica pós-transcricional 
altamente conservado em eucariotos que atua em processos de desenvolvimento, 
crescimento e em vias de defesa contra infecções virais e elementos transponíveis 
(KANAKALA; GHANIM, 2016). Três classes distintas de RNAi foram descritas até o 
presente momento: Piwi-RNAs (piRNA), micro RNAs (miRNA) e os pequenos RNAs 
(siRNA). Essas duas últimas categorias compartilham a mesma maquinaria, no entanto, 
a origem dos RNAs é diferente (RAMU et al., 2018).  
Os miRNA são reguladores internos que modulam genes de desenvolvimento. 
Nessa via de silenciamento, as sequências dos miRNA a serem processados se localizam 
entre uma região de introns formando uma estrutura formato de grampo, denominados 
Pri-miRNA. Os pri-miRNAs são sequências de pareamento imperfeito que sofrem uma 
clivagem inicial, ainda no núcleo, convertendo-os em pre-miRNAs por uma enzima tipo 
Dicer (DCL1). Essas sequências são exportadas para o citoplasma onde ocorrerá o 
processo de silenciamento.  
Os siRNAs, derivam de sequências longas de RNA dupla fita perfeitamente 
pareados, introduzidos diretamente no citoplasma celular. Essas sequências, em sua 
maioria, têm origem exógena, principalmente derivada da replicação viral. No entanto, 
alguns siRNAs tem origem endógena (endo-siRNAs) provenientes do dobramento de 
pseudo-genes em grampos de RNA (CARTHEW; SONTHEIMER, 2009) 
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No citoplasma, tanto o pre-miRNA quanto o siRNA são reconhecidos pela 
ribonuclease III, Dicer, e clivados, formando fragmentos de aproximadamente 22 pb que 
apresentam um grupo fosfato na extremidade 5’ e 2 nucleotídeos não pareados na 
extremidade 3’. Em seguida, a proteína R2D2 se liga à fita mais termodinamicamente 
estável desse duplex, orientando-a para o complexo de proteínas RISC (RNA-induced 
silencing complex). Uma vez nesse complexo, a RNase H, Argonauta, procurará no 
transcriptoma o mRNA complementar à sequência presente no complexo RISC, clivando-
o e, consequentemente, causando sua degradação e a efetivação do silenciamento (Figura 
4) (ALAMALAKALA et al., 2018; DOMINSKA; DYKXHOORN, 2010).  
 
 
Figura 4: Esquema geral do silenciamento gênico mediado por RNA interferente (RNAi). RNAs de fita 
dupla (dsRNAs) ou em formato de grampo (shRNA), são reconhecidos e clivados pela enzima Dicer em 
dsRNA maduros. A enzima R2D2 reconhece a fita mais estável desse duplex e a conduz para o complexo 
enzimático RISC que por complementaridade identificará o mRNA correspondente à sequência presente 




Essa maquinaria foi descrita em uma ampla gama de insetos (DONG; 
FRIEDRICH, 2005; KOLA et al., 2015; LI et al., 2015; LIM et al., 2016; UPADHYAY 
et al., 2013). Devido a sua especificidade e natureza sistêmica, RNAi vem sendo 
considerado uma boa estratégia para o melhoramento de culturas agrícolas e proteção 
contra insetos, contrapondo as metodologias tradicionais de controle químico de insetos 
praga (ALAMALAKALA et al., 2018). 
Análises de genoma demonstraram que D. citri apresenta uma maquinaria 
funcional de RNAi, no entanto, não apresenta a proteína R2D2 (TANING et al., 2016). 
Essa tecnologia vem sendo empregada para o estudo funcional de diversos genes de D. 
citri, bem como para a determinação de novas estratégias de controle desse inseto.  
Esses trabalhos contemplam o silenciamento de genes de desenvolvimento como 
abnormal wing disc, muscle protein 20, apoptosis inhibitor, chitin syntase, cathepsin D, 
transformer 2 que resultaram no desenvolvimento de insetos com mal formações, alta 
mortalidade e, no caso do gene transformer 2, efeitos de silenciamento que avançam 
gerações (EL-SHESHENY et al., 2013; GALDEANO et al., 2017; HAJERI et al., 2014; 
YU; GOWDA; KILLINY, 2017; YU; KILLINY, 2018b). 
Genes envolvidos no metabolismo de D. citri também são alvo de estudos de 
silenciamento, como carboxi-esterases e sucrose hidroalase (KISHK et al., 2017; 
SANTOS-ORTEGA; KILLINY, 2018) em especial, genes alvos de inseticidas como 
citocromo P450 (KILLINY et al., 2014), glutationa-s-transferase, esterase, 
acetilcolinesterase (KISHK et al., 2017; YU; KILLINY, 2018a) e glicosiltransferase 
(TIAN et al., 2018), promovendo susceptibilidade a diversas Classes de inseticidas.  
 
Electrical penetration graph (EPG) 
Uma vez que os efetores de insetos são majoritariamente liberados pela saliva 
durante a alimentação, compreender o comportamento alimentar dos insetos é um passo 
importante para entender as relações desses animais com as plantas hospedeiras. 
A alimentação dos hemípteras na planta hospedeira passa por uma sequência 
comportamental composta por três fases: aproximação, exploração da superfície da planta 
e prova sendo as duas últimas fases também podem ser denominadas de comportamento 
pós-contato. A primeira fase caracteriza-se pela seleção da planta, que é orientada por 
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quimiosensores visuais e olfativos. O comportamento pós-contato, está diretamente 
relacionada com a aceitação dessa planta como hospedeira. Na fase de exploração da 
superfície da planta, os insetos tendem a caminhar, realizar leves toques na superfície da 
planta com as antenas, e realizar picadas de prova para a determinação do local de 
alimentação. Após essa fase, ocorre a alimentação propriamente dita (prova), composta 
principalmente por três fases comportamentais: Caminhamento intercelular, ingestão de 
xilema e ingestão floema. Em insetos que produzem bainha estiletar (como a maioria dos 
afídeos e psilídeos), uma saliva gelatinosa que reveste o estilete é produzida durante o 
caminhamento intercelular, protegendo o aparelho bucal e propiciando mobilidade. Os 
estiletes desses insetos se movem entre as células até encontrar os vasos condutores onde 
o inseto ingere seiva a partir das células vasculares (THOLT; SAMU; KISS, 2015; VAN 
EMDEN; HARRINGTON; HARDIE, 2007).  
O comportamento alimentar dos hemípteras pode não ser observável, mas pode 
ser monitorado por meio da técnica Electrical penetration graph (EPG). Essa técnica 
consiste em incorporar planta e inseto em um sistema elétrico comum (Figura 5). Quando 
o estilete do inseto penetra o tecido vegetal, o circuito se fecha e a flutuação da voltagem 
gera um “sinal” ou onda (Figura 5-A). Diferentes ondas são geradas em decorrência a 
diferentes atividades estiletares realizadas pelo inseto no tecido vegetal, o que permite a 
identificar em que tecido da planta se encontra inserido o estilete do inseto e o tempo 
gasto em cada local (Figura 5-B) (MUSTAFA et al., 2015; SCHWARZKOPF et al., 2013; 




Figura 4: Modelo da técnica de EPG. Inseto e planta são inseridos em um circuito elétrico, sendo 
conectados por eletrodos (A). No momento em que o inseto inicia sua alimentação na planta, o 
circuito se fecha e as variações de voltagens decorrentes dessa alimentação são registradas (B 2/3). 
Adaptado de: SCHWARZKOPF et al., 2013. 
 
A técnica de EPG constitui uma ferramenta importante para o estudo de insetos 
vetores, possibilitando a correlação de atividades estiletares com os processos de 
aquisição e transmissão de fitopatógenos (ANTOLINEZ; FERERES; MORENO, 2017; 
CHEN et al., 2018a; PRADO MALUTA et al., 2017), bem como a identificação de 
plantas resistentes à alimentação desses insetos (THOLT; SAMU; KISS, 2015) e o estudo 
de genes envolvidos na interação inseto-planta, como por exemplo efetores (HUANG et 
al., 2015; YE et al., 2017). 
O comportamento alimentar de D citri foi descrito por BONANI (2010), 
apresentando cinco tipos de ondas distintas:  
-Onda C: Associada ao caminhamento intercelular;  
-ONDA G: Associada a ingestão de xilema; 
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-Onda D: Corresponde ao primeiro contato do estilete do psilídeo com as células 
do floema;  
-Onda E1: Salivação nos vasos do floema; 
-Onda E2: Ingestão do floema; 
Após essa identificação, outros trabalhos demonstrando o comportamento 
alimentar desse inseto em diferentes tecidos de plantas cítricas foram realizados. Tais 
estudos demonstraram que um anel fibroso presente ao redor dos vasos floemáticos 
constitui uma barreira para alimentação de D. citri. A presença frequente dessa estrutura 
em tecidos mais velhos de plantas de citros faz com que o inseto opte por se alimentar em 
tecidos mais jovens, onde esse tecido fibroso é menos espesso (AMMAR et al., 2014; 
AMMAR; HALL; SHATTERS, 2013). 
Estudos relacionando o comportamento alimentar de D. citri à capacidade de 
aquisição e transmissão de CLas demonstraram que a severidade dos sintomas de HLB 
interferem na alimentação do inseto, os quais passam mais tempo fazendo caminhamento 
intercelular e reduzem a duração das fases floemáticas quando se alimentam em plantas 
HLB positivas em comparação com plantas sadias. Adicionalmente, foi demonstrado que 
machos de D. citri performam ondas E1 mais curtas que as fêmeas, no entanto, esses 
insetos apresentam taxas mais elevadas de transmissão de CLas, demonstrando que a 
transmissão de CLas está diretamente relacionada com a salivação no floema (CEN et al., 
2012; LUO et al., 2015; WU et al., 2016). Estágios ninfais passam mais tempo se 
alimentando no floema das plantas do que insetos adultos, o que justifica a maior 
aquisição de CLas por estágios imaturos de D. citri em comparação com adultos 
(GEORGE et al., 2018). 
Estudos sobre a ação de inseticidas no comportamento alimentar de psilídeos 
demonstraram que esses compostos aumentam o tempo em que D. citri passa sem se 





• Sob fonte constatate de CLas, o número de D. citri CLas-positivos dentro de uma 
população aumenta ao longo das gerações desse inseto 
• É possivel monitorar genes do metabolismo intermediário de D. citri em 
diferendes estágios de vida e em resposta a CLas. 
• D. citri apresenta efetores: moléculas que são secretadas e inteferem na interação 
desse inseto com a plata hospedeira e com CLas. 
 
OBJETIVOS GERAIS 
Determinar potenciais genes alvos de D. citri importantes para a interação desse inseto 
com citros e CLas.  
 
OBJETIVOS ESPECÍFICOS 
• Monitorar a titulação de CLas em diferentes gerações de D. citri. 
• Estabelecer experimentos biológicos para a análise de expressão global de genes 
de D. citri na interação com citros. 
• Verificar da expressão de genes do metabolismo de D. citri em diferentes instares 
do inseto; 
• Verificar a expressão diferencial de genes do metabolismo e de interação 
bacteriana de D. citri em resposta a infecção por CLas; 
• Identificar genes candidatos a efetores de D. citri; 
• Estabelecer metodologias de avaliação e caracterização de candidatos 






Monitoring of Candidatus Liberibacter asiaticus title across different 
generations of Diaphorina citri (Hemiptera: Liviidae) 
 
Abstract 
Candidatus Liberibacter asiaticus is the causal agent of citrus Huanglongbing disease. 
Since 2004, HLB spreads quickly across citrus orchards all over the word causing 
important economic losses. An accurate and fast detection of CLas consist in the first step 
for determination of efficient management and control of HLB. CLas is transmitted by 
Asian citrus psyllid (ACP), Diaphorina citri, during its feeding. Immature stages of D. 
citri are more efficient on transmission of CLas than adults. Moreover, long periods of 
acquisition of CLas by D. citri may interfere on transmission rates, making ACPs transmit 
CLas more efficiently. Based on this information our goals were observe the progression 
of CLas population over several generations of D. citri. Firstly, were determinate the most 
sensitive pair of primers for CLas detection. CLas specific primers were designed for of 
β subunit of RNA polymerase (RpoB) and sigma factor of RNA polymerase (RpoD) 
genes. Conventional PCR and Sanger sequencing confirmed the specificity of those 
primers. The sensitivity of RpoB and RpoD primers were compared with Ef-Tu primers 
using samples from citrus and D. citri tissues on the Sybr/TaqMan Real Time PCR 
systems. The obtained results showed that RpoB and RpoD primers were more efficient 
on CLas detection that Ef-Tu primers. Further, the RpoB primers were used to evaluate 
the percentage of CLas and the bacterial title on four generations of D. citri. the bacteria 
title increases significative over the analyzed generations. Those results may indicate that 
the maintenance of CLas positive trees may result on production of several generations 
of CLas-infected ACPs, with elevated bacterial titles that may efficiently increment HLB 
disease in short and long distances. 
 






HLB disease is the most destructive bacteriosis in the citrus industry around the 
world. This disease is characterized by yellow and mottled shoots, leaves presenting 
chlorotic spots similar to nutritional deficiencies. HLB-affected fruits presented color 
inversion, distortion of central columella and aborted seeds. The progression of symptoms 
culminate on intense defoliation and fast three decline (ZHENG; CHEN; DENG, 2018). 
Asian citrus psyllid (ACP), Diaphorina citri is the main vector of bacteria 
Candidatus Liberibacter asiaticus (CLas), Huanglongbing disease (HLB) agent, across 
citrus orchards. CLas is irregular and systemic distributed in both ACP and citrus tissues 
(AMMAR; SHATTERS; HALL, 2011; LI; LEVY; HARTUNG, 2009). In citrus plants 
the fastidious development of CLas result on delayed emergence of symptoms and 
difficult the early detection of HLB (ZHENG; CHEN; DENG, 2018). D. citri acquire Ca 
Las in a persistent-circulative manner and despite of many attempts, the period of 
acquisition, latency and transmission of CLas by D. citri still not well stablish which 
directly affect the determination of disease spread and development of control strategies 
(AMMAR et al., 2018; CANALE et al., 2017; HALL; MOULTON, 2018; PELZ-
STELINSKI et al., 2010).  
Adult D. citri can acquire CLas in less efficient way than immature stages 
(AMMAR et al., 2018). Additionally, it has been reported that long periods of CLas 
acquisition may result on elevated number of CLas-positives D. citri in the population, 
containing elevated bacterial levels (COLETTA-FILHO; DAUGHERTY, 2014). 
Since the establishment of HLB disease on America continent, in 2004, many 
techniques has been developed aiming fast and accurate detection of CLas (KEREMANE 
et al., 2015; LEVESQUE; KUMAGAI, 2014; LIN et al., 2010; SELVARAJ et al., 2018). 
The most common system applied is Polymerase Chain Reaction (PCR) both as 
conventional or Rea-time qPCR ways (BERTOLINI et al., 2014; PANDEY; WANG, 
2019; SELVARAJ et al., 2018).  
Diagnosis of CLas on its vector, ACP, may constitute a great strategy for early 
detection of HLB and determination of epidemiologic standards as well as predict 
adequate management and control of HLB. Base on this information, this work assed 
determinate de progression of CLas infection across several generations of D. citri.  
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Material and Methods 
Biological Material 
 Ca Las- free ACPs colonies were reared on mash cages containing orange jasmine 
(Murraya paniculata) plants at 25 ± 2˚C under a 14:10 h (light:dark) photoperiod and 60 
to 70% relative humidity (RH). CLas -infected ACP colonies were reared on CLas -
infected “Pera” sweet orange trees (Citrus sinensis-symptomatic and PCR positive) under 
greenhouse conditions of light, temperature and humidity. Both ACP populations and 
plants were constantly maintained on biotechnology laboratory of Centro de Citricultura 
Sylvio Moreira (IAC).  
 Sweet orange citrus (C. sinensis) CLas-positive and CLas-free available on Centro 
de Citricultura Sylvio Moreira (IAC) were used for primer validation and CLas detection 
experiments. 
 
CLas acquisition bioassay 
Ca Las-free ACPs were transferred to five individual Ca Las-infected sweet 
orange trees (C. sinensis-symptomatic and PCR positive) and maintained in these plants 
during a period of 15 days for copulation and laying eggs. Fourteen insects per plant were 
used in this experiment. After the reproduction period, the parental ACPs were collected 
and stored at -80 freezer. The development of remain progeny was monitored daily and 
this insects were keep on Ca Las-infected plants until the observation of the production 
of next ACP generation of eggs (thereabout 20 days after adult eclosion). After the egg 
deposition, all adults ACPs were collected and the progeny development were 
accompaniment. This process was repeated four times (4th generation of ACPs). Those 
experiments were conducted on mesh cages under greenhouse conditions of light, 
temperature and humidity. Detection of CLas and bacterial title on four different 
generations of D. citri were performed using total DNA extracted from pools of five 
adults ACPs as described below. This detection was conducted on Sybr Real-time PCR 
system as described below. The Real-time reaction was performed using CLas-RpoB pair 
of primers and 100ng for extracted DNA. Fifteen up to 34 samples were analyzed per 




Nuclei acid extraction and cDNA synthesis 
DNA extraction of D. citri was performed according to the method described by 
COLETTA-FILHO; et al (2014). ACP RNA extraction was conducted using Direct-zol™ 
RNA MiniPrep and DNAse I Set (Zymo Research, Irvine, CA, USA,) according 
manufactures instructions. Citrus DNA extraction were performed using CTAB method 
(MURRAY; THOMPSON, 1980) using a single midrib per biological sample. Citrus 
RNA extraction was realized using RNeasy Mini Kit (QIAGEN, Valencia, CA, USA) 
according manufactures instructions. Integrity and quality of extracted nuclei acids were 
verify using NanoDrop ND 8000 spectrophotometer (NanoDrop Technologies, 
Wilmington, DE, USA) and 1% agarose gel electrophoresis. cDNA synthesis was realized 
using GoScript reverse transcription system™ (Promega) according the manufacturer’s 
protocol employing 500ng of total extracted RNA. After the synthesis, the obtained 
cDNA was diluted 1:10 on milli-q water for further analysis. For validation process, D. 
citri DNA extraction was performed using individual ACPs, and pools of 5 and 10 insects. 
In the acquisition experiments total DNA extraction of ACPs were performed through 
pools of five adults ACPs.  
 
Primer design and validation 
CDS sequences of β subunit of RNA polymerase (RpoB) and sigma factor of RNA 
polymerase (RpoD) genes from CLas and D. citri primary symbiotic bacteria: Candidatus 
Carsonella ruddii, Candidatus Profftella armature, Herbaspirillum spp. and Wolbachia 
spp (DOSSI; DA SILVA; CÔNSOLI, 2014; MARUTANI-HERT; HUNTER; 
MORGAN, 2011) were obtained from National Center for Biotechnology Information 
Search database (www.ncbi.nlm.nih.gov) (Table 1). Sequence alignments between 
mentioned species for both genes were performed using Clustal-W software 
(THOMPSON; HIGGINS; GIBSON, 1994) aiming determinate CLas-specific regions of 
this genes. Primer sequences were designed on identified CLas-specific regions using 
Primer3 software (UNTERGASSER et al., 2007) (Supplemental file 1.1).  
In order to verify the primers specificity conventional PCR were performed using 
total DNA from CLas-infected and CLas-free ACPs. The reaction was performed using 
120 nM of each gene-specific primer pair, 12,5 µl of TopTaq Master Mix (Quiagen) and 
200ng of total ACP DNA. The conduced thermal profile was: 94° for 3 minutes followed 
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by 35 cycles of 94°C for 30s, 60°C for 30s, 72°C for 1 minute, and a final extension of 
72°C for 3 minutes. The amplicons were observed on 1% agarose electrophoresis gel. 
After purification amplified fragments of CLas-RpoB and RpoD genes using Wizard® 
SV Gel and PCR Clean-Up System (Promega) according the manufacture’s instructions, 
the amplicons were submitted to Sanger sequencing on ABI Prism 3730 (Applied 
Biosystems) using Big Dye Terminator Cycle Sequencing Ready ABI Prism 3.0 kit 
according the manufactures instructions. BlastN across sequenced amplicons and NCBI 
data were performed to confirm the correct amplification of RpoB and RpoD sequences.  
 
Table 1: Sequences of RpoB and RpoD from CLas and D. citri endosymbionts used for 
sequence alignment analysis and primer design 
  NCBI ID 
Specie RpoB RpoD 
Candidatus Liberibacter asiaticus AWL13590.1 ALK06928.1 
Wolbachia spp.  AGJ98692.1 WP_017532014.1 
Candidatus Carsonella ruddii AAK17075.1 AFP83921.1 
Candidatus Profftella armature KX763621.1 WP_020915627.1 
Herbaspirillum spp. AKN63843.1 WP_013235181.1_1 
 
Efficiency of CLas detection was evaluated by Real Time-PCR using DNA and 
RNA samples from Citrus plants and ACPs. Individual insects and pools of 5 and 10 
insects were used (five biological repetition per pool). The reaction was performed using 
Sybr qPCR MasterMix™ (Promega), 120 nM of each gene-specific primer pair and 
100ng of total DNA or 3µl of cDNA. The amplification cycles were performed on 7500 
Fast Real-Time PCR System device (Thermo Scientific, Waltham, MA, USA), using the 
standard thermal profile: 95°C for 20 s followed by 40 cycles of 95°C for 30s and 60°C 
for 30 s. Two technical replicate were analyzed for each sample. 
As a control, CLas detection was also performed via TaqMan system using LasF, 
LasP, LasR primers that amplify Elongation factor EF-Tu gene (LIN et al., 2010). Using 
the same concentrations of DNA and cDNA cited before. The TaqMan reaction were 
performed using 1,2 ul of 5x HOT FIREPol Probe qPCR Mix Plus (Solis biodyne ®), and 
120nM of each primer, conduced on Real-Time PCR System device (Thermo Scientific, 
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Waltham, MA, USA), using the thermal profile: 50°C for 2minutes, 95°C for 10 minutes, 
followed by 40 cycles at 95°C for 15s and 60°C for 1 minute.  
One-way ANOVA statistical analysis were performed using GraphPad prism 
software (SWIFT, 1997). 
Amplicon cloning and molecular standard curve 
The amplified fragments from conventional PCR for RpoB, RpoD and Ef-Tu were 
purify using Wizard® SV Gel and PCR Clean-Up System (Promega) according the 
manufacturer’s instructions. These fragments were ligated to pJet1.2/Blunt vector (2974 
pb) (Thermo fisher) and transformed into DH5-α Escherichia coli cells according the 
manufacture’s instructions. The plasmid DNAs were extracted from transformed cells 
using PureYield™ Plasmid Miniprep System (Promega).  
The standard curve for estimation of absolute target DNA were performed using 
2.8x109 copies from each cloned gene fragment. The plasmid was sequentially diluted at 
10-fold intervals. To simulate natural conditions, the standard curve was also performed 
using 100ng of genomic DNA of healthy ACP, mixed to plasmid dilution. Both curves 
were performed using GoTaq qPCR MasterMix™ (Promega) as described before.  
 
Results 
Specificity of RpoB and RpoD genes on CLas detection 
In order to design specific CLas primers, sequence alignments were performed for 
RpoB and RpoD present on the mainly D. citri endosymbionts. Were observed that the 
selected genes present high conserved regions amongst the analyzed species, especially 
for RpoD gene (Supplemental file 1.2). Low similarity regions were selected for design 
of primers (Supplemental file 1.2). 
Those primers were validated by conventional PCR showing a single and strong 
band on 1% electrophoretic gel (Figure 1). Plasmid DNA cloned with target DNA 
amplicon fragments was sequenced by Sanger technology. tBlast analysis confirmed the 
amplification of correct and of RpoB and RpoD genes from CLas and no homology of 




 Additionally, the primers specificity was also proved by Real time PCR 
through melting curve generated in the end of Real time PCR which showed the 









Figure 1: Amplification of RpoB and RpoD fragments via conventional PCR. M= 1kb ladder 
 
 
Figure 2: Melting curve generate in the end of Real-time PCR reaction indicating the amplification of a 
single amplicon for RpoB and RpoD pair of primers respectively. 
 
Sensitivity of RpoB and RpoD genes on CLas detection 
 Comparison analysis between CLas commonly used TaqMan detection and Sybr 
detection designed in this work, demonstrated that RpoB and RpoD primers showed the 
lowest Ct levels compared with TaqMan system in both plant and insect samples (Figure 
3). The Ct main of plants samples was 26 and 27 for RpoB and RpoD primers, 
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respectively, and 28.5 for Ef-Tu gene (TaqMan). On insect samples, the discrepancy 
between RpoB/RpoD and Ef-Tu primers were even more evident showing mean Ct of 
22.23, 22.32 and 26.3 for RpoB, RpoD and Ef-Tu, respectively (Figure 3). Those results 
indicate that designed primers in this work are more sensitive to CLas detection than the 
current and commonly used Ef-Tu primers. Lowest Ct observed in insect samples in 
detriment of plant samples also may indicate that RpoB and RpoD are more suitable to 
detection of CLas on ACP samples than citrus.  
 
Figure 3: Mean Ct obtained from Real-Time qPCR for RpoB, RpoD and Ef-Tu genes on citrus and D. citri 
DNA samples. The values were obtained through analysis of ten biological replicates (two technical 
repetitions) from Citrus and D. citri tissues. Different letters correspond to statistical difference amongst 
the genes P-value < 0.05).  
Once D. citri is a very small insect, we decide to investigate the sensitivity of 
detection of analyzed primers on different pools of ACPs: single individuals and pools of 
five and ten D. citri adults. All tested pools were positive for CLas using all primers 
combinations. However, Ef-Tu primers showed the elevated Ct mean on all analyzed 
ACP pools in comparison with RpoB and RpoD (Figure 4). Additionally, we observed 
that, even using the same concentration of DNA for all samples, the Ct mean observed 
decrease when increasing the number of the insects in the pool, especially using RpoB 





Figure 4: Mean Ct obtained from Real-Time qPCR for RpoB, RpoD and Ef-Tu genes on different pools of 
adult D. citri. The values were obtained through analysis of five biological replicates (two technical 
repetitions) from singe insects (1) and pools of five (5) and ten (10) insects. Different letters correspond to 
statistical difference amongst the genes P-value < 0.05).  
 
 Further, a linear standard curve was generated by each gene from serial dilutions. 
Since CLas is an uncultivable bacteria, those curves were generate through plasmid 
cloned DNA containing the target DNA fragments. We observed that with the same 
number of copies, RpoB and RpoD genes showed Cts 2-4 lower than Ef-tu gene, 
confirming that RpoB and RpoD are more sensitive to detect CLas than EF-Tu (Figure 
5). No significative Ct variation were observed between plasmid curve and plasmid + 





Figure 5: A molecular standard curve generated of Real-Time PCR for RpoB (light grey), RpoD (dark 
grey) and Ef-Tu (Red) genes. The cloned target DNAs ranging from 109 to 100 copies.  
 
Comparison between CLas detection on DNA and RNA samples 
 Using the same biological material for detection of CLas on DNA and RNA 
samples, we observed that all analyzed primers were less sensitive to detect CLas on RNA 
samples (Table 2). No amplification was obtained using Ef-Tu primers on all RNA 
samples. Detection inefficiency were also expressive from plant RNA samples when 
applied RpoB primers, which showed gene amplification on only three out of nine 
analyzed samples. RpoD primers were the most sensitive for Ca Las detection on RNA 
samples from both citrus and D. citri tissues, however the mean Ct observed on RNA 
were 2-13 times higher that DNA for the same set of samples tested (Table 2). 
 
Determination of CLas population across several generations of D. citri 
 We observed that the number of CLas positive samples increase across D. citri 
generations. After 15 days feeding in CLas-infected plants, only 42% of parental ACPs 
in CLas-infected plants were diagnosticated as CLas positive (Figure 6). Those values 
rise up to 66% on generation F1. On generation F2, 86% of analyzed insects was positive 
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for CLas and on generation F4 100% of analyzed samples were CLas positive (Figure 6). 
Complementarily, we observed that not only the percentage of positive insects but CLas 
title also rises. The mean Ct values strongly decrease amongst D. citri generations 
indicating that CLas population increase when D. citri develops on CLas-infected trees 
for several generations (Figure 6). 
 
Table 2: Mean Ct obtained from DNA and RNA samples of Citrus and D. citri for RpoB, 
RpoD and Ef-Tu genes 
  Ct for DNA   Ct for RNA 
Sample RpoB RpoD Ef-Tu  RpoB RpoD Ef-Tu 
Citrus 1 31.883 30.266 29.947  Undetermined 36.227 Undetermined 
Citrus 2 31.022 31.791735 30.320  Undetermined 36.217 Undetermined 
Citrus 3 24.752 31.237858 29.990  Undetermined 34.036 Undetermined 
Citrus 4 28.405 30.071 29.934  Undetermined 32.026 Undetermined 
Citrus 5 29.024 25.426 28.344105  30.98615074 Undetermined Undetermined 
Citrus 6 24.717 25.361 27.954  Undetermined 31.428 Undetermined 
Citrus 7 22.167 24.290 27.709  Undetermined 34.246 Undetermined 
Citrus 8 21.381 22.974 26.695  30.14782429 31.010 Undetermined 
Citrus 9 22.342 23.856 26.927  32.01233196 31.031 Undetermined 
        
ACP 1 22.611 23.736023 28.783  Undetermined 30.877 Undetermined 
ACP 2 31.308 32.370789 31.022  Undetermined 32.974 Undetermined 
ACP 3 18.103 18.926434 23.400  27.3496 30.239 Undetermined 
ACP 4 27.424 18.073502 22.648  26.951 28.442 Undetermined 
ACP 5 27.168 17.838055 26.899  26.446 28.383 Undetermined 
ACP 6 17.301 17.712658 22.539  26.716 29.510 Undetermined 
ACP 7 20.885 19.563316 23.616  30.590 30.673 Undetermined 
ACP 8 18.872 19.850441 24.468  27.041 28.364 Undetermined 






Figure 6: Percentage (grey bars) of CLas-positive samples across four generations of D. citri and mean Ct 
(red line) of CLas-positive samples. This data was generated through Syber Real-Time PCR, using D. citri 
samples from pools of five adults ACPs. Different letters correspond to statistical difference amongst the 
ct generations, P-value < 0.01. 
 
Discussion 
 Accurate and fast CLas detection is one of the biggest challenges of control of 
HLB disease. Identification of presence of HLB bacteria on its vector may help identify 
routes of disease spread through citrus orchards and predict the CLas infection even on 
the absence of symptomatic threes (UKUDA-HOSOKAWA et al., 2015). Corroborating 
these enforces, this work aiming determinate new accurate primers for CLas detection via 
Real-Time PCR as well as predict the increment of CLas population across several 
generations of D. citri. 
 The most common used genes used for bacterial detection are housekeeping 
genes, which present high conserved sequences across bacterial genus. In addition to 
CLas, D. citri possess many endosymbiotic bacteria and the negligent design of primers 
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may result on false positives (AL-AHMAD et al., 2006; LIN et al., 2010; ROLAIN; 
FENOLLAR; RAOULT, 2007). For this reason, several alignments between CLas 
sequence genes and D. citri endosymbiotic bacteria were performed in order to design the 
most specific pair of primers. Primers for CLas-RpoB and RpoD genes were project on 
low similarity regions between CLas and the main D. citri endosymbionts: Candidatus 
Carsonella ruddii, Candidatus Profftella armature, Herbaspirillum spp. and Wolbachia 
spp.  
 In order to determinate the sensitivity of designed primers in this work, we 
compare the Cycle threshold (Ct) obtained on Syber Real –time using RpoB and RpoD 
primers to Ef-Tu TaqMan system (LIN et al., 2010). As a result, was observed that RpoB 
and RpoD primers were more sensitive to detect CLas than Ef-Tu from both plant and 
insect samples (Figure 2). Applying the same DNA samples RpoB and RpoD presented 
the lowest Cts than Ef-Tu (Figure 2). These results were supported by generation of linear 
standard curve, which showed that for the same number of DNA copies Ef-Tu presented 
the highest Ct levels that RpoB and RpoD (Figure 4).  
 Testing different pools of ACP, we observed that both RpoB, RpoD and Ef-Tu are 
able to detect CLas from a single ACP. However, even using the same concentrations of 
DNA, pools of five and ten insects presented the lowest Cts than samples provided from 
single insects (Figure 3). Obviously, the biggest as the biological pool, the higher is 
number of bacterial cells that may be found. In terms of epidemiology, these results may 
indicate that pools of five or more ACPs may result in more sensitive detection of CLas, 
being more appropriate for diagnosis of CLas (LEVESQUE; KUMAGAI, 2014).  
 DNA/RNA ratios are important to determinate the number of viable bacterial cells 
in determinate sample and are important for gene expression analysis (KIM; WANG, 
2009). In this work, we observed that the three analyzed primers were less sensitive to 
detect CLas from RNA samples in comparison with DNA (Table 2). RpoD primers were 
able to detect CLas in both citrus and D. citri RNA samples (Table 2). RpoB primer were 
the less efficient on detection of CLas from citrus samples, however this primer was more 
sensitive to detect CLas in ACP samples showing lowest mean Ct than RpoD primers for 
de same RNA samples (Table 2). DNA/RNA ratios may vary depending of the selected 
gene. KIM &WANG (2009) showed that CLas shows more 16S rRNA than 16S rDNA, 
and the CLas 16s detection could be until ten times more sensitive on RNA samples than 
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DNA for this gene. However, the same work showed that lower copy number of the RNA 
than DNA for Beta operon gene (KIM; WANG, 2009).  
 Transmission time of CLas by D. citri are controversial topics of HLB 
pathosystem. Depending on analyzed literature, the efficient acquisition time rage from 
hours to weeks (AMMAR et al., 2016, 2018). Latency period and transmission parameters 
are not well stablish yet (AMMAR et al., 2018; CANALE et al., 2017; HALL; 
MOULTON, 2018). In the other hand, it has been hypothesized that long acquisition 
periods may result in on elevated number of CLas positive ACPs with elevated bacterial 
title (AMMAR et al., 2016; COLETTA-FILHO et al., 2014). Based on this information, 
we maintained ACPs in constantly feeding with CLas-infected Citrus plants for four 
generations aiming to observe the progression of interaction between CLas and D. citri.  
 In our work, we observed that after of 15 days feeding on CLas-infected plants, 
only 44% of parental ACPs were CLas-positive (Figure 5). These results are in agreement 
with data reported in the literature ranging acquisition rates from 40 to 50% for period of 
15 days (AMMAR et al., 2016; INOUE et al., 2009; PELZ-STELINSKI et al., 2010). 
Moreover, we observed that the CLas-positive insects presented very low bacterial titles 
(mean Ct = 33 –Figure 5). It has been reported the less efficient acquisition of CLas by 
adults ACPs in comparison with nymphs. Adult D. citri may have a full development of 
immune system, which may activate a strong defense response in comparison with 
immature stages. Suppression of metabolism genes and induction of apoptosis were 
observed in CLas-infected adults D. citri which may indicate an enforce to limit bacterial 
spread (GHANIM et al., 2016; KILLINY et al., 2017a; NEHELA; KILLINY, 2018). 
Taking all this together, a more efficient defense response to CLas infection observed in 
adults ACP may result on less efficient acquisition rates by adult ACPs, which may 
explain the lower number of CLas-positive parental and the lower bacterial title in these 
insects.  
 Following this thought, the first generation of insects that developed on CLas-
infected plants showed increase of CLas-positive insects (66%) and elevation of bacterial 
title (mean ct = 31- Figure 5). Also, it has been reported that adults D. citri raised from 
CLas-infected nymphs showed elevated number of CLas- positive (AMMAR et al., 2011, 
2016; INOUE et al., 2009; PELZ-STELINSKI et al., 2010). This more efficient 
acquisition by the nymphal instars may be a result of many factors. For example, D. citri 
nymphs spend more time feeding on plants that adults ACPs, which corroborates for 
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elevation of acquisition rates (GEORGE et al., 2018). Gene expression and microscopy 
analysis showed that 90% of nymphal immune system is suppress in the presence of 
CLas; no morphological abnormalities on nymph gut were observed when those insects 
was infected with CLas, indicating that CLas colonize nymphs ACPs in an efficient 
manner than adults (FISHER et al., 2014; MANN et al., 2018; VYAS et al., 2015); studies 
showed that CLas are able to multiply on ACP immature stages (INOUE et al., 2009).  
 Almost all insects were CLas-positives (86%) in the second progeny generation 
(F2) and the bacterial title observed was two times more than observed on F1 (Ct 
mean=29- Figure 5). In the generation F4, 100% of ACP population was CLas-infected, 
showing higher levels of bacterial title (Ct mean=24- Figure 5). This increment on CLas 
population may be explain by the informations cited before: constant feeding on citrus 
HLB positive trees, nymphal efficient acquisition and bacterial multiplication. 
Furthermore, sexual and transovary CLas transmission may also contribute for this 
phenomenon (MANN et al., 2011; PELZ-STELINSKI et al., 2010). Alterations on ACP 
physiology and metabolism may contribute for successful establishment and increase of 
CLas population over the ACP generations.   
Applying these results to epidemiologic purposes, the maintenance of CLas 
positive trees may result on production of several generations of CLas-infected ACPs, 




In conclusion, this is the first report of populational fluctuation of CLas over 
several generations of D. citri. Were observed that in the presence of a constant bacterial 
source (CLas infected trees) the number of CLas-positive ACPs rise up to 44% on 
parental insects from 100% on generation F4. The bacterial tittle also significative 
increases over the D. citri generations. Further, the accurate detection of CLas both in 
citrus and D. citri is important for fast decision-making of appropriate management and 
control of HLB, thus we observed that primers designed for RpoB and RpoD genes in 




Dynamics of genes of energetic metabolism of Diaphorina citri 
(Hemiptera: Liviidae) during metamorphosis 
 
Abstract 
Huanglongbing (HLB) is the main phytosanitary problem of citrus crops worldwide. The 
disease is caused by gran-negative bacteria Candidatus Liberibacter asiaticus (CLas) and 
naturally transmitted by Diaphorina citri, the principal vector of this bacteria on 
American continent. Once the knowledge of metabolic flux through hemimetabolous 
metamorphosis is poor, such as D. citri, the first goal of this work was evaluate the 
alterations of energetic metabolism of D. citri across the three last nymphal instars and 
adult phase by gene expression. Fourteen genes were analyzed on four different life stages 
of D. citri (3rd, 4th, 5th, nymphal instars and adults). Transcript levels were more 
pronounced on adult stage than nymphal instars. The effect of CLas infection expression 
of this genes were measured. CLas -infected insects, especially on adult stages, presented 
over expression of analyzed genes compared with CLas-free insects. Moreover, gene 
expression of three bacterial adhesion-related genes were evaluated, showing 
significative alterations between all analyzed life stages and in the presence of CLas. The 
findings in this study amplify and complement the knowledge of D. citri physiology and 
the alterations promoted by CLas in its hosts. 
 
Key words: Huanglongbing disease; Asian citrus psyllid; Candidatus Liberibacter 





Insects have evolved diverse models of metamorphosis. This evolutive 
landmark provided the opportunity to reduce intraspecific competition for food and 
other resources between developmental stages (GOODISMAN et al., 2005). In 
hemimetabolous insects, such as Diaphorina citri, the morphological and 
physiological changes are progressive throughout the nymphal instars and in one 
final metamorphic molt, become winged reproductive adults, while holometabolous 
insects this changes occur on abrupt way between the last larval stage and the adult, 
in the pupal phase (CHEONG et al., 2015).  
Metabolism is tightly related with insect development, providing nutritional and 
energetic support on each stage of life cycle (TENNESSEN et al., 2011). The energy 
of cellular metabolism is provided of carbohydrates, lipids or proteins which depend 
of dietary opportunities, ecologic requirements and evolutionary mechanisms 
(TEULIER et al., 2016). Metabolic changes that occur during metamorphosis, are 
extensively studied on holometabolous insects, however this alterations are poor 
understood on hemimetabolous insects (GOODISMAN et al., 2005).  
Asian citrus psyllid (ACP), D. citri, is an important agricultural pest, vector of 
bacteria Candidatus Liberibacter asiaticus (CLas), causal agent of citrus 
Huanglongbing disease (HLB). HLB affect all commercial varieties of citrus 
promoting significative productions losses worldwide (AMMAR; HALL; 
SHATTERS, 2013; DA GRAÇA et al., 2015; HUNTER; REESE, 2014).  
The main strategy of D. citri control is the intensive application of insecticides, 
which could select resistant populations of ACP (CHEN; ASHFAQ; STELINSKI, 
2018; PARDO et al., 2018; TIWARI et al., 2011b). Many studies have been 
developed seeking understand the interaction of D. citri with its hosts and identify 
new control strategies of D. citri (KILLINY; NEHELA, 2017a; LI et al., 2018; WU 
et al., 2018a).  
Diaphorina citri life stages has been described as a critical point for 
transmission of CLas (CANALE et al., 2017; PELZ-STELINSKI et al., 2010). 
Additionally, CLas interfere in many aspects of D. citri life cycle, increasing molting 
time across nymphal instars, affecting life span, reproduction and insecticide 
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susceptibility modulating diverse pathways such as immunity and metabolism 
(HARPER et al., 2016; KILLINY et al., 2017a; KRUSE et al., 2017; LU; KILLINY, 
2017). Nevertheless, the biology of D. citri is not fully comprehended. 
Based on that, we aim evaluate the mRNA levels of D. citri intermediary 
metabolism genes on the last three nymphal instars and adult. We also investigate the 
modulation of intermediary metabolism genes in CLas-infected D. citri.  
 
Materials and Methods  
Asian citrus psyllid colonies 
Healthy D. citri colony was reared on Orange Jasmine (Murraya paniculate) 
plants in mesh cages maintained at 25 ± 2˚C under a 14:10 h (light:dark) photoperiod and 
60 to 70% relative humidity (RH). CLas-infected insects were obtained by transferring 
healthy ACPs to CLas-infected Sweet orange “Pera” (Citrus sinensis) plants 
(symptomatic and qPCR positive) for reproduction and laying eggs. After three 
generations, the insects were collected for futured analysis. Infectivity of insects were 
evaluated by Real time-PCR described below.  
 
RNA extraction, CLas detection and cDNA synthesis 
Pools of 50 insects (3rd, 4th and 5th nymphs and adults) were used for RNA 
extraction. Five biological replicates were analyzed for both adults and nymph stages. 
The total RNA isolation was proceed using Direct-zol™ RNA MiniPrep (Zymo Research, 
Irvine, CA, USA), following the genomic DNA removal by DNAse I Set (Zymo 
Research, Irvine, CA, USA,) according manufactures instructions. Integrity and quality 
of extracted RNA were evaluated using the NanoDrop ND 8000 spectrophotometer 
(NanoDrop Technologies, Wilmington, DE, USA). cDNA synthesis was performed using 
Goscript Reverse Transcription System™ (Promega), according the manufacturer 
protocol and diluted 1:25 for further analysis. 
Candidatus Liberibacter asiaticus detection were performed through Syber green 
RT-qPCR (as described below), using specific primers for genes β subunit of RNA 
polymerase (RpoB) and σ factor of RNA polymerase (RpoD) of CLas, assuming that 
samples that possess Cts lower than 34 for both genes as CLas positive. 
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Gene Expression Analysis 
Firstly, five genes were selected to evaluate the gene expression stability in the 
samples based on previous reference gene studies (KILLINY et al., 2017c; KILLINY; 
NEHELA, 2017b; LU; KILLINY, 2017). To analyze the D. citri energy metabolism and 
CLas-D. citri interaction were select seventeen genes based on literature (EL-
SHESHENY et al., 2016; KILLINY et al., 2017a; KRUSE et al., 2017; LU; KILLINY, 
2017). Those genes were amplified using the primer pairs (Supplementary Table 2.1). 
RT-qPCR were performed on healthy and CLas -infected D. citri on different life stages 
(3rd, 4th, 5th nymphal instars and adults).  
RT-qPCR were performed using 6.5µl GoTaq qPCR MasterMix™ (Promega), 
120 nM of each gene-specific primer pair and 3ul of cDNA for a final volume of 12.5 µl. 
The amplification cycles were performed on 7500 Fast Real-Time PCR System device 
(Thermo Scientific, Waltham, MA, USA), using the standard thermal profile: 95°C for 
20 s followed by 40 cycles of 95°C for 30 s and 60°C for 30 s. Five technical replicate 
were analyzed for each sample. Cq values and efficiency of primers were estimated using 
software Miner (http://miner.ewindup.info) and gene expression analyses were realized 
by ΔCq Method using multiple reference genes (VANDESOMPELE et al., 2002). 
GeNorm and Normfinder softwares were performed to identify de stability of the genes. 
For statistical analysis, one-way ANOVA and Tukey's test (α < 0.05) were used through 
GraphPad prism software (SWIFT, 1997).  
 
Results 
Selection of best normalization genes 
The stability of five candidate housekeeping genes were verified on four different 
life stages (3rd, 4th and 5th nymphs and adults), healthy and CLas-infected insects. 
GeNorm and NormFinder analysis were both performed for all conditions separately and 
together. For most of analyzed conditions by GeNorm presented the ribosomal genes S03 
and S20 as the best pair of normalization genes (Table 1). NormFinder analysis shows 
S03 and SBDS as the most stable genes on most of conditions (Table 1). Based on this 
information, the genes S03 and S20 were selected for the RT-qPCR analysis conducted 
in this work. 
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Table 1: Stability of D. citri housekeeping genes evaluated by GeNorm and NormFinder 
softwares 
 GeNorm  NormFinder 
Condition Gene Stability Rank  Stability Rank 
Third instar (healthy and 
CLas -infected insects) 
S03 0.333 1  1.3169 3 
S20 0.333 1  1.6565 4 
SBDS 2.495 3  0.9696 1 
NADH 1.694 2  1.2809 2 
S11 5.812 4   1.8661 5 
Fourth instar (healthy and 
CLas -infected insects) 
S03 1.3169 2  1.616 3 
S20 1.6565 3  1.424 1 
SBDS 0.9696 1  1.89 4 
NADH 1.2809 1  1.577 2 
S11 1.8661 4   1.941 5 
Fifth instar (healthy and 
CLas -infected insects) 
S03 0.994 1  1.3 2 
S20 0.994 1  1.637 4 
SBDS 1.647 3  0.92 1 
NADH 1.146 2  1.457 3 
S11 2.042 4   2.033 5 
Adults (healthy and CLas 
-infected insects) 
S03 3.245 2  2.807 1 
S20 2.644 1  3.073 4 
SBDS 2.644 1  2.831 2 
NADH 4.05 4  3.298 5 
S11 3.935 3   3.09 3 
Healthy insects (3rd, 44th, 
55th, adult)  
S03 1.785 2  1.669 3 
S20 2.051 3  2.350 4 
SBDS 1.317 1  0.778 1 
NADH 2.602 4  2.405 5 
S11 1.317 1   1.529 2 
CLas -infected insects 
(3rd, 4th, 5th, adult)  
S03 1.854 2  2.208 1 
S20 1.356 1  3.033 3 
SBDS 3.136 4  4.863 4 
NADH 1.356 1  3.028 2 
S11 2.982 3   6.013 5 
All conditions 
S03 1.994 1  1.830 1 
S20 1.994 1  2.554 2 
SBDS 2.598 2  3.925 4 
NADH 2.83 3  2.840 3 
S11 2.987 4   5.242 5 
 
Energy metabolism genes are more expressed in adults than nymphs 
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The variation of mRNA level of fourteen genes related to oxidative 
phosphorylation, TCA, glycolysis/gluconeogenesis and amino acid biosynthesis were 
evaluated on four different D. citri life stages (3rd, 4th, 5th nymphal instars and adult).  
For most of analyzed genes, the adult phase presents the highest mRNA level in 
comparison with all nymphal instars analyzed (Figure 1). No difference on expression 
were observed for the ATP synthase subunit A in all life stages analyzed. However, the 
ATP synthase subunit B showed higher mRNA levels in the late instar stages, 5th nymphal 
instar and adult. No variations on mRNA levels of all nymph instars were observed for 
pyruvate carboxylase, aconitase and succinate dehydrogenase subunits SdhA and SdhC. 
The SCS and SSDH exhibited increase of mRNA levels through D. citri metamorphosis. 
Furthermore, the mRNA levels of pyruvate kinase from glycolysis/gluconeogenesis, three 
TCA genes citrate synthase, DLD and DLSD and OPLAH genes from amino acid 
biosynthesis showed an u-shape pattern across the developmental stages studied. It seems 
that those genes are down regulated on 4th and 5th nymph stages followed by an up-





Figure 1: Expression profiles of energetic metabolism genes across four different life stages of D. cirti. 
Presented data consist on mRNA amount of target genes normalized to the abundance of housekeeping 
genes S03 and S20. Different letters correspond to differences statistically significant amongst treatments 
(one-way ANOVA p < 0.05). Abbreviations: AtpA: ATP synthase subunit alpha; AptB: ATP synthase 
subunit beta; DLD: dihydrolipoyl dehydrogenase; DLST: dihydrolipoyl lysine-residue succinyltransferase; 
SdhA: succinate dehydrogenase flavoprotein subunit; SdhC: succinate dehydrogenase cytochrome b560 
subunit; SSDH: succinate-semialdehyde dehydrogenase; SCS: succinyl-CoA ligase; P5CR: pyrroline-5-
carboxylate reductase; OPLAH: 5-oxoprolinase.  
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Presence of CLas promotes reduction of mRNA levels of energy metabolism genes 
in D. citri  
Mature and immatures D. citri life stages present some morphological and 
physiological differences which are critical for interaction with CLas and may influence 
the efficiency of transmission of pathogen by its vector  (PELZ-STELINSKI; KILLINY, 
2016). Based on that, we investigated if the D. citri energetic metabolism genes are 
modulated by CLas on the same manner in all life stages studied. Overall, for most 
evaluated genes, CLas-infected insects present lowest mRNA levels than CLas-free ones 
in mostly analyzed life stages (Figure 2). Reduction of AtpA, and SdhC mRNA levels 
were observed in CLas-infected adults while no difference on mRNA levels of this genes 
were observed between CLas free and CLas-infected insects in all nymphal instars 
analyzed. Similar pattern was observed in 3rd nymphal instar for aconitase and 3rd and 4th 
nymphal instar forP5CR, which presented the strongest downregulation in CLas-infected 
condition. No differences of mRNA levels between healthy and CLas-infected 
individuals were observed for 3rd and 4th nymphal instars for citrate synthase followed by 
reduction of mRNA levels of CLas-infected insects in 5th instar and adult. However, 
pyruvate carboxylase presented up regulated on CLas-infected D. citri in all nymphal 
instars. Elevated levels of mRNA on CLas-infected condition were observed for 4th instar 
nymphs of AtpB and pyruvate kinase, 3rd instar nymphs of SSDH also present more 






Figure 2: Effect of infection by CLas on expression profiles of D. citri energy metabolism genes. Gene 
expression of 3rd, 4th and 5th nymphs and adults life stages of D. citri were evaluated via RT-qPCR. Different 
letters correspond to differences statistically significant amongst treatments (one-way ANOVA α < 0.05). 
Abbreviations: AtpA: ATP synthase subunit alpha; AptB: ATP synthase subunit beta; DLD: dihydrolipoyl 
dehydrogenase; DLST: dihydrolipoyl lysine-residue succinyltransferase; SdhA: succinate dehydrogenase 
flavoprotein subunit; SdhC: succinate dehydrogenase cytochrome b560 subunit; SSDH: succinate-




Pathogen-vector interaction genes are modulated by CLas during D. citri 
metamorphosis 
Membrane associated proteins of insects were described as important for adhesion 
of many phytopathogenic bacteria on its vectors (KILLINY; ALMEIDA, 2009; 
RAMSEY et al., 2017). Since annexin B9, Mucin 5AC and Vinculin have been reported 
as important factor for interaction of CLas and D. citri (KRUSE et al., 2017; LU; HU; 
KILLINY, 2016), the mRNA levels of these genes across D. citri metamorphosis were 
detected (Figure 3). We observed that third instar showed the highest mRNA levels 
between all analyzed life stages for all genes. In adult stage, vinculin gene presented 
elevation of mRNA level compared with 4th and 5th nymphal instars.  
CLas-infected insect presented lower mRNA levels than healthy ones in most 
instar analyzed. This reduction was more pronounced on third instar nymphs for all 
studied genes. However, mRNA levels increased CLas-infect adults of annexin B9, 
compared with healthy adults. Presence of CLas also promoted elevation of mRNA 
amount of vinculin gene in 5th nymphal stage compared with healthy nymphs.  
 
Figure 3: Expression profiles of three membrane-related genes of D. citri on four different life 
stages, healthy (light grey) and CLas –infected (dark grey). The mRNA abundance was estimated 
by mean of five biological replicates of each treatment (life stage/ healthy or CLas -infected) 
normalized with S03 and S20 endogenous genes. *correspond to differences statistically 
significant amongst treatments (one-way ANOVA P < 0.05). 
 
Discussion 
We applied the gene expression analysis by RT-qPCR to amplify and complement 
data about metabolic demands during D. citri metamorphosis and interaction with CLas, 
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previous published for KILLINY & colaborators (2017b, 2018) and KRUSE & 
colaborators  (2017, 2018). Three oldest nymphal instars and adults were select for 
evaluation of expression of seventeen genes involved with energy metabolism and CLas-
D. citri interaction.  
Our results point for adult phase being the most metabolic active life stage of D. 
citri, which presented the highest mRNA levels, compared with nymphal instars, for most 
of analyzed genes (Figure 1). Biological process that most require energy are present in 
insect adult phase, such as flight and reproduction (REINHOLD, 1999; SCHWENKE; 
LAZZARO; WOLFNER, 2016), which explain the induction of intermediary metabolism 
in this stage. In addition, our results corroborate El-Shesheny et al., (2016), which 
observed that D. citri adults presents higher levels of proteins involved with, energy 
metabolism, glycolysis and lipid and carbohydrate metabolism than fifth instar nymphs. 
Compared with adult phase, mRNA levels between nymphal instars showed 
discrete variation in most of analyzed genes (Figure 1), which is compatible with 
hemimetabolous nature of D. citri. Metabolically speaking, has been reported less 
pronounced alterations of metabolism during hemimetabolous metamorphosis than those 
observed on holometabolous (AVISE; MCDONALD, 1976).  
The holometabolous metabolism rates in metamorphosis phases are describe as 
U-shape curve, characterized by elevated energy consumption during the early stages of 
metamorphosis which declines during mid-pupal stage, followed increase of energy 
consumption on the larval-adult transformation (MAINO; KEARNEY, 2014). The 
mRNA levels of metabolism also follows this pattern  (HU et al., 2016). These alterations 
is a reflect of physiological changes of this phases. In pupal phase, holometabolous insects 
stops feeding and the energy produced on previous larval stages are applied to develop 
the new organs of adult phase, which explain those metabolic changes (NATION, 2008).  
On hemimetabolous, the physiological and morphological changes are constantly 
and diluted across immatures stages and no starvation phase were observed. Based on 
that, energetic cost for development and growth on hemimetabolous insects are more 
stable through instars that those observed on holometabolous, which presents drastic 
morphological and physiological changes (AVISE; MCDONALD, 1976). Gene 
expression may also respond to this energetic demand. So far, no U-shape curve were 
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described for hemimetabolous insects, however, similar pattern was observed for 
pyruvate Kinase, citrate synthase, DLD and DLSD genes in this work (Figure 1).  
P5CR acts on proline synthesis and showed mRNA levels increased on third and 
fourth nymphal instars (Figure 1). Proline is the main insect fuel, which is usually 
mobilized for flight, however, also participates of development and metamorphosis, 
acting on cuticular proteins synthesis (BURSELL, 1981; CHEN, 1966; TEULIER et al., 
2016). A study about Camponotus festinatus, Buckley (Hymenoptera : Formicidae), 
associated the accumulation of amino acid production, such as proline, on larval stages a 
result of fast development (GOODISMAN et al., 2005). Drosophila larvae are proline 
dependent applying this protein to generate energy and anaplerotically replenish the TCA 
cycle (TENNESSEN et al., 2011).  
Moreover, CLas infection interfere with many aspects of D. citri biology such as 
lifespan, reproduction, fitness and insecticide susceptibility (PELZ-STELINSKI; 
KILLINY, 2016; TIWARI; PELZ-STELINSKI; STELINSKI, 2011). In this work, CLas-
infected insects showed low mRNA levels compared with healthy ones in most of 
analyzed conditions (Figure 2), which could be a strategy of D. citri for restrict energetic 
intermediaries to CLas (ARNOLD; JOHNSON; WHITE, 2013; EISENREICH et al., 
2013). Corroborating our results, previous proteomic and transcriptomic analysis showed 
suppression of production of many TCA intermediaries in CLas-infected insects, such as 
citrate, aconitate, alpha-ketoglutarate and succinate, indicating that CLas depend of its 
hosts for obtention of energy and nutrients (KRUSE et al., 2017; LU; KILLINY, 2017). 
Additionally, gut microscopy has been reported mitochondrial disruption on CLas-
infected D. citri tissues, which could corroborate to suppression of intermediary 
metabolism in adults (GHANIM et al., 2016; KRUSE et al., 2017). Suppression of energy 
metabolism were also observed on CLas-infected plants (NWUGO et al., 2013; 
NWUGO; DUAN; LIN, 2013).  
Nevertheless, increase of citric acid cycle compounds and proline were observed 
on metabolomics of CLas-infected nymphs (KILLINY; JONES, 2018), which not 
correspond to patterns observed on our gene expression analysis, when most of analyzed 
genes showed down regulation on CLas-infected nymphs (Figure 2). Those differences 
could may result of many factors like post transcriptional reprogramming for example, 
and compensation of protein synthesis by D. citri endosymbionts (CHU et al., 2016; 
CLARK; KARLEY; HUBBARD, 2010).  
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Moreover, we observed elevated mRNA levels of adhesion-related genes in third 
nymphal stage (Figure 3). Annexin B9 exhibited decrease of mRNA levels across the four 
analyzed life stages, whereas third nymphal stage presented the highest mRNA level and 
the adult phase the lowest. This results are supported by EL-SHESHENY and colabors 
(2016), which observed that 5th nymphal stage presented higher levels of Annexin B9 than 
in adults. In the other hand, we observed the opposite patter of Annexin B9 gene 
expression that observed on CLas-free insects on in the presence of CLas: third instar 
nymphs showed the lowest mRNA levels, CLas-infected Adult phase presented the 
highest mRNA levels. Since Annexins are calcium binding proteins, this proteins may be 
related with D. citri signaling and immune system, pathways that are strongly suppressed 
in nymphal instars during CLas interactions, favoring the development of this bacteria 
(FISHER et al., 2014). Otherwise, on adult phase, when the immune system is well 
developed, Annexin B9 may be applied to fight against CLas infection. Induction of 
annexin genes expression on CLas-infected D. citri adults has been reported (KRUSE et 
al., 2017) which corroborates the data obtained in this work. 
The Muccin 5AC did not showed expressive variation of mRNA levels in all life 
stages analyzed, neither on CLas-infected insects, with exception on third instar nymphs 
(Figure 3). Studies showed that D. citri nymphal instars have higher levels of Muccin 
5AC than adult phase, whereas no alterations on Muccin 5AC amounts were observed 
between healthy and CLas-infected insects (RAMSEY et al., 2017). Otherwise, other 
proteins of Mucin family has been reported as overexpressed on D. citri guts (KRUSE et 
al., 2017). Muccins are gel forming protein family described as important for mucosal 
lining on vertebrates tissues, presenting bind abilities that limit/enhance microbe 
infections, thus playing a central role on host -microbe interactions (NAKJANG et al., 
2012; RAYMS-KELLER et al., 2000; SYED et al., 2008). These studies support the 
hypothesis that Muccin may act on the first stages of CLas infection, participating on 
adhesion process in the insect gut, however more studies need to be developed.  
In addition, expression of Vinculin exhibited variations across analyzed life stages, 
presenting elevated mRNA levels on third instar nymphs and strong reduction of gene 
expression on the fourth instar nymphs, followed by increase of mRNA levels on fifth 
and adult stages (Figure 3). Using a pool of different nymphal instars, VYAS and colabors 
(2015) demonstrated that Vinculin is down-regulate on CLas-infected nymphs unlikely, 
we observed that Vinculin were not down regulated in all nymphal instars analyzed. 
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Vinculin belongs to focal adhesion complex of proteins that supports extracellular matrix 
via actin cytoskeleton and adhesion receptors (CHOREV et al., 2018). Since perturbations 
of actin cytoskeleton were observed CLas-infected cells on D. citri (GHANIM et al., 
2016). Thus, these results indicate CLas may modulate cytoskeleton networks to facilitate 
the access to intercellular and intra-cellular space in its host.  
 
Conclusions 
These results present the mRNA levels of intermediary metabolism genes of D. 
citri on four different life stages. We observed slightly alterations on intermediary 
metabolism genes across D. citri nymphal instars and the increase of mRNA levels 
in adult phase. Moreover, were observed reduction of mRNA levels for all studied 
genes in response to CLas infection in most of analyzed life stages, indicating that it 
may be a D. citri strategy to stop CLas spread. However, CLas manipulates adhesion-






Gene silencing of Diaphorina citri candidate effectors 
 
Abstract 
Insect effectors are molecules secreted mainly by salivary glands that acts 
modulating plant physiology, favoring establishment and transmission of 
phytopathogens. Feeding is the principal vehicle of acquisition and inoculation of 
Candidatus Liberibacter asiaticus (CLas) by Asian citrus psyllid (ACP), 
Diaphorina citri. The aim of this study was predicted putative candidate effectors 
that may act on Huanglongbing (HLB) pathosystem. Bioinformatic analysis, 
allows the identification of 131 candidate effectors. Gene expression 
investigations were applied to select genes which were over expression in the head 
compared to insect body and modulated by the presence of CLas. In order to 
evaluate the action of candidate effectors on D. citri feeding, six effectors were 
selected for silencing bioassays. Double-stranded RNAs (dsRNAs) of target genes 
were delivered to D. citri adults via artificial diet for five days. In vitro bioassays 
showed reduction of ACP lifespan and decrease of honeydew production. 
Moreover, after feeding on artificial diet containing dsRNA of target genes, the 
feeding performance of insects were evaluated on young leaves of ‘Rangpur lime’ 
seedlings demonstrating that knockdown of D. citri effectors also interfere on feed 
abilities in planta, decreasing the honeydew production and ACP survival. 
Electrical Penetration Graph (EPG) analysis were performed to confirm the action 
of effectors on D. citri feeding behavior. These results indicate that gene silencing 
of D. citri effectors may promote alterations on D. citri feeding behavior and could 
potentially be used in the ACP control. 
 






Insect pests are one of the mainly factors that reduce agricultural plant 
productivity. Global losses caused by this animals reach 220 billion of dollars annual 
(“FAO - News Article: Global body adopts new measures to stop the spread of plant 
pests”, [s.d.]). Besides the damage caused by its action, problems caused by insects can 
be increased by the transmission several plant pathogens (EMANI, 2018).  
 Thereby, the Asian citrus psyllid (ACP), Diaphorina citri Kuwayama (Hemiptera: 
Liviidae), stands out as the most important agricultural pest of citrus crops (ALVES; 
DINIZ; PARRA, 2014). ACP is vector of Candidatus Liberibacter asiaticus (CLas) 
bacteria, causal agent of HLB. This disease affect all citrus commercial varieties 
promoting plant decline and reduction of fruit quality (DA GRAÇA et al., 2015; MUNIR 
et al., 2018). In the last fifteen years, HBL spread quickly across American continent 
causing decline of 58% of USA citrus production (MUNIR et al., 2018). In Brazil, 34 
million of citrus trees have been removed since first HLB detection, in 2004 (FILHO et 
al., 2016).  
So far, no efficient control of HLB disease were found. Disease management 
consist on production of seedlings on Ca Las-free nursery stock, removal of infected trees 
and application of insecticides for vector control  (CRAIG et al., 2018; SHIMWELA et 
al., 2018). However, extensive application of insecticides could select resistant 
populations of ACP  (CHEN; ASHFAQ; STELINSKI, 2018; PARDO et al., 2018; 
TIWARI et al., 2011b).  
Diaphorina citri acquire CLas in a circulative-persistent manner during its feeding  
(CANALE et al., 2017; INOUE et al., 2009). Duration of phloem ingestion may affect 
CLas acquisition process  (GEORGE et al., 2018). Besides, recent studies have been 
developed seeking understand the interaction of plant and ACP  (EBERT et al., 2018; 
FLETCHER et al., 2018; STOCKTON et al., 2016). Nevertheless, this complex process 
still unclear. Additionally, salivary secretions were described as important for insect-plant 
interactions  (GIRON et al., 2016; MATSUMOTO; HATTORI, 2018; NAESSENS et al., 
2015; YANG et al., 2017). This secretions may contain effector molecules which alters 
plant host physiology activating or suppressing defense responses and consequently, 
could inhibit or promote plant infestation by the insects  (MUTTI et al., 2008; WANG et 
al., 2015a). Effectors may also interfere on transmission of microorganisms by the insect 
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as well as could affect plant-pathogen interactions  (BOS et al., 2010; LEE et al., 2018; 
SHINYA et al., 2016).  
 Many insect effectors has been described over the years as from saliva or salivary 
gland proteomic and transcriptomic data  (CAROLAN et al., 2011; HUANG et al., 2015; 
RAO et al., 2018; THORPE; COCK; BOS, 2016; VAN BEL; WILL, 2016). To unveil 
the action of effector proteins on insect-hosts interactions, RNA interference (RNAi) have 
been applied. Knockdown of salivary effector of Nephotettix cincticeps (Uhler, 1896) 
(Hemiptera: Cicadellidae), for example, cause reduction of rice phloem ingestion by this 
insect  (MATSUMOTO; HATTORI, 2018). Silencing of salivary Mucin-like protein 
decrease feeding performance and promotes mortality of Nilaparvata lugens (Stål, 1854) 
(Hemiptera: Delphacidae) in interaction with rice  (SHANGGUAN et al., 2017). RNAi 
of whitefly salivary laccase decrease survival rates in tomato-Bemisia tabaci (Genn.) 
(Hemiptera: Aleyrodidae) interactions (YANG et al., 2017). 
 Despite the existence of ACP saliva proteome (YU; KILLINY, 2018c), effectors 
or ACP salivary molecules that interact with plant host were not been identified until now 
(DALIO et al., 2017). In the present work, we predict secreted D. citri effectors using 
bioinformatic tools. Gene silencing through Double-strand RNAs (dsRNA) combined 
with Eletrical Penetration Graph (EPG) technique were performed to verify the action of 
effectors on D. citri feeding behavior.  
 
Materials and Methods  
Sequence database 
Initially, transcripts sequences of Arizona University transcriptome studies 
(FISHER et al., 2014) were used as database, complementary the version 0.9 of 
transcriptome and the version 2.0 of D. citri genome available on Citrus greening 
Solutions website (citrusgreening.org) were added to bioinformatic analysis.  
 
Bioinformatic analysis 
 The bioinformatics for identification of D. citri candidate effectors were based on 
pipeline for prediction of aphid effectors (BOS et al., 2010). Firstly, redundant sequences 
and proteins which present 1000 > amino acids were removed from analysis. Were 
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considered redundant sequences those that present similarity >95% with e-value <10 -10. 
Secreted proteins were predicted using SignalP 4.0. Proteins which presented 
transmembrane domains were predicted using TMHMM and GPI-SOM software  
(FANKHAUSER; MASER, 2005; KROGH et al., 2001) and removed from future 
analysis. InterPro, Uniprot and Prosite  (MITCHELL et al., 2014; THE UNIPROT 
CONSORTIUM, 2014) were used for identification and exclusion of ordinary proteins. 
Proteins that present similarity with arthropod gut proteins were removed through blastX 
against arthropod gut ESTs. In order to identify potential D. citri salivary proteins, blastX 
against arthropod salivary proteins were performed. Additionally, prediction of 
subcellular localization of ACP candidate effectors were performed using NetNES 1.1 
Server, Localizer and LocTree tools  (GOLDBERG et al., 2014; LA COUR et al., 2004; 
SPERSCHNEIDER et al., 2017). 
 
Asian citrus psyllid colony 
Mesh cages containing Orange jasmine plants (Murraya paniculate) were used 
for rear healthy D. citri at 25 ± 2˚C under a 14:10 h (light:dark) photoperiod and 60 to 
70% relative humidity (RH). CLas-infected ACP colonies were reared on CLas-infected 
Pera sweet orange trees (symptomatic and PCR positive) under greenhouse conditions of 
light, temperature and humidity. Both ACP populations were maintained on 
biotechnology laboratory of Centro de Citricultura ‘Sylvio Moreira’.  
 
Nuclei acid isolation and cDNA synthesis 
RNA extraction was performed using Direct-zol™ RNA MiniPrep and DNAse I 
Set (Zymo Research, Irvine, CA, USA,) according manufactures instructions. NanoDrop 
ND 8000 spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA) were 
used to measure integrity and quality of RNA. One microgram of extracted RNA was 
applied on cDNA synthesis using GoScript reverse transcription system™ (Promega) 
according the manufacturer’s protocol. After the reaction, the cDNA was diluted 1:25 for 






Double-strand RNA synthesis 
The target sequences of ACP candidate effectors were amplified by RT-PCR 
using specific gene primers conjugated with 19 bases of the T7 RNA polymerase 
promoter (Supplemental Table 3.3). GFP sequence was amplified from pIG1783f plasmid 
(LANGE et al., 2014). The PCR reaction were performed using 5 ul of cDNA, 25 ul of 
Gotaq colorless MasterMix (Promega), 100nM of each pair of primers for a final volume 
of 50μl. Thermal profile used began with 10 cycles of 94°c for 30s, one minute at 10° 
above optimal primer annealing temperature, 72°c for 1.30 minute, followed by 35 cycles 
of 94°C for 30s, one minute at optimal primer annealing temperature, 72° for 40s.  
DsRNA were synthetized from purified PCR products using the MEGAscript 
RNAi kit (Ambion, catalogue no. AM1626) according the manufacturer’s protocol. The 
purified dsRNAs were quantified spectrophotometrically at 260/280 nm and integrity was 
examined by agarose gel electrophoresis. 
 
Delivery of dsRNA and bioassay in vitro 
Ten days old adults were used for RNAi experiments. Those insects were kept on 
plastic cages containing sachet composed by 100 µl of artificial diet (30% of sucrose and 
0.1% green and 0.4% yellow food dyes) homogeneously distributed between two 
parafilm layers  (GALDEANO et al., 2017) and filter paper on the bottom of the cage. 
Feeding assays were performed for a period of five days at room temperature under a 
14:10 h (light:dark) photoperiod and 60 to 70% HR. Each treatment was composed by 
five biological replicates (10 insects per replicate). Insect mortality were evaluated daily. 
Three independent bioassays were performed.  
After feeding period, alive insects were collected for further gene expression 
analysis. Salivary sheaths presents on the parafilm membrane were dyed using safranin 
0,1%, quantified and photographed on light microscope at 40x objective. The size of 
salivary sheath were measured using ImageJ software  (SCHNEIDER; RASBAND; 
ELICEIRI, 2012). Honeydew droplets present on filter paper were dyed with ninhydrin 
2%, counted and measured using Quant software (VALE et al., 2001). The remain 
artificial diet were collected and performed an electrophoretic roll for observation of 




In vivo bioassay for silencing effect evaluation 
 After in vitro dsRNA delivery described above, alive insects were confined on 
leaves of ‘Rangpur lime’ seedlings using clip cages. The clip cage used were made from 
90 mm diameter plastic Petri dishes. A hole (seven mm) was made on the lateral of Petri 
dishes to facilitate the accommodation of leaf blade and petiole. The leaf was attached to 
Petri lid using adhesive tape. Filter paper were placed in the bottom of clip cage to collect 
the honeydew droplets. The plates were sealed using cotton and PVC film. Mortality were 
evaluated for five days and the feeding abilities were analyzed by the quantity of 
honeydew droplets present on filter paper as described before. The experiment was 
repeated four times using four biological replicates for each treatment (ten adults ACP 
per biological replicate).  
 
Feeding behavior evaluation of D. citri by Electrical Penetration Graph (EPG) 
 After delivery of dsRNA via artificial diet as described above, was performed the 
feeding behavior assay using the EPG technique, that allows real-time study of the 
insect´s stylet activities in the plants tissue. Females of ACPs were anesthetized for 5 
seconds with Co2 and immobilized using a vacuum chamber under a dissecting 
microscope. Then, a gold wire (3 cm length, 20µm in diameter; EPG Systems, 
Wageningen, The Netherlands) was attached to the ACP pronotum with a small droplet 
of water-based silver glue. The opposite end of the gold wire was glued to a thin copper 
wire (2 cm length), which was connected to the EPG probe. Another copper electrode (10 
cm long, 2 mm wide) was inserted into the soil of the plant. 
Those insects were placed on the abaxial surface of a young ‘Rangpur Lime’ leaf. 
The EPG waveforms were recorded using a Direct Current 8-channel EPG device model 
Giga-8d, with Stylet+ for Windows software (EPG Systems). The recordings were carried 
out in a room at 25±1°C inside a Faraday cage (for electrical noise isolation) for 8 hours. 
The waveforms recorded for D. citri feeding behavior were characterized according to 
previous reports (BONANI et al., 2010). The output as given by the Excel workbook 
(SARRIA et al., 2009) to calculate the treatment mean for each EPG variables. Fifteen 
individual recordings were performed for each treatment. 
EPG waveforms previously described for D. citri (BONANI et al., 2010) were 
identified, as follows: waveform np (non-probing behavior); waveform C (which 
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indicates movement of the stylets in the intercellular apoplastic space); waveform D (it´s 
a short waveform always observed between waveforms C and E1); E1 waveform 
(indicates salivation into phloem sieve elements); waveform E2 (correlated with passive 
phloem-sap uptake from sieve elements); and waveform G (active intake of xylem sap). 
The experimental design was entirely randomized. The EPG data were 
transformed when necessary with ln (x+1), √(x+1) or arcsin√x/100 (in the case of 
percentage) to reduce heteroscedasticity and improve normal distribution. All parameters 
were analyzed with a Tukey´s test (P<0.05). If the data did not follow a normal 
distribution according to the Shapiro-Wilk normality test, a nonparametric Kruskall-
Wallis test (P<0.05) was performed. All data were analyzed using IBM Statistics SPSS 
22.0 software (ANDRÉS, 2009) 
 
Gene expression analysis 
On selection of candidate effectors by RT-qPCR, pools of 10 adults and 50 
nymphs were employed for RNA extraction as described before. Gene expression of 
different body parts were conducted using 10 heads and 10 bodies of adult ACPs. The 
measurement of gene expression of silenced insects by dsRNA was performed using RNA 
extracted from a pool of 4 ACP adults, per biological replicate, in both artificial diet and 
plant experiments.  
RT-qPCR reaction were performed using 6.5µl GoTaq qPCR MasterMix ™ 
(Promega), 120 nM of each gene-specific primer pair and 3µl of the diluted cDNA for a 
final volume of 12.5µl. The amplification cycles were performed on 7500 Fast Real-Time 
PCR System device (Thermo Scientific, Waltham, MA, USA), using the standard thermal 
profile: 95°C for 20 s followed by 40 cycles of 95°C for 3 s and 60°C for 30 s. Five 
technical replicate were analyzed for each sample. Cq values and efficiency of primers 
were estimated using software Miner (http://miner.ewindup.info). Normalized gene 
expression analyses were realized by 2ΔCq method and relative gene expression were 
estimated using 2-ΔΔCq method using the ribosomal genes S20 and S13 as reference genes  
(VANDESOMPELE et al., 2002). For statistical analysis, one-way ANOVA (α < 0,05) 





Candidate effectors prediction 
We based our bioinformatic pipeline on bioinformatic approach for prediction of 
Myzus persicae Sulzer (Hemiptera: aphididae) effectors (BOS et al., 2010) to generate a 
list of D. citri putative effectors. Intent to obtain an accurate effectoromic dataset, proteins 
sequences used for this analysis were obtained from two distinct transcriptome and 
genomic sources. This sequences were provided from transcriptome predict from Arizona 
University studies (FISHER et al., 2014) and transcriptome and genomic sequences from 
HLB consortium (citrusgreening.org). 
Assuming that insect effectors are secreted through the CLassical eukaryotic 
endoplasmic reticulum (ER)-Golgi pathway by the salivary glands, the initial part of 
pipeline was predict proteins that presented signal peptide and absence of transmembrane 
domains. SignalP analysis allowed the identification of 1562 and 537 proteins containing 
signal peptide on genome and transcriptome datasets respectively. Further, screening 
using TMHMM, Phorbius and GPI-SOM tools identified 451 proteins from genome and 
219 proteins from transcriptome datasets that contain transmembrane domains or GPI-
anchor signals and those were removed from further analysis. After this, ACP secretome 
were composed by 1111 proteins obtained by genomic sequences and 332 proteins 
founded on transcriptomic database.  
It has been reported that insect effectors are mainly specie or genus specific. Based 
on this information, conserved domains and already characterized proteins were identify 
through multiple alignments against public protein databases (Pfam, Uniprot). After this 
analysis, and all proteins that presented ordinary domains were excluded. In order to 
select proteins that may be present only on salivary glands, were also performed tBlast-
X against arthropod gut and salivary ESTs removing proteins that may be secreted in the 
ACP gut. As a result, were identified 131 candidate effectors (Supplemental table 3.1) 
composed by 78% exclusive D. citri proteins, and 22% that showed similarity with 
arthropod saliva proteins (Supplemental table 3.2). Interesting, a large amount of proteins 
containing intrinsically disordered regions (38%) were predict (Supplemental table 3.1). 
Intrinsically disordered regions (IDRs) are abundant on phytopathogen effectors, altering 
protein secondary structure and allowing protein fold in a stimulus-dependent manner  
(MARÍN; UVERSKY; OTT, 2013). Presence of enriched IDRs proteins in D. citiri 
effectoromics suggests positive evolutionary selection of this proteins and a potential 
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function with host interactions. Additionally, identification of subcellular localization of 
predict D. citri effectors, suggest that majority of identified proteins acts on extracellular 
space (Supplemental table 3.1, Supplemental Figure 3.1). In the other hand, proteins that 
may act on important host organelles such as, nucleus, chloroplast and mitochondrion 
were identified (Supplemental table 3.1, Supplemental Figure 3.1).  
 
Selection of effectors candidates of D. citri by RT-qPCR 
 After bioinformatic prediction, the screening of candidate effectors was 
complemented with gene expression analysis. In this initial screening 12 putative 
effectors were evaluated (Table 1; Supplemental table 3.4) aiming identify candidates 
which were expressed on different life stages, upregulated on ACP head and showed 
expression modulate by the presence of CLas.  
 
Table 1: Twelve selected D. citri effectors for gene expression analysis 





WD repeat-containing protein 
92 






 embryonal Fyn-associated 
substrate-like  
396 Mitochondrion/Chloroplast 
DCEF19 DcWN_006647 uncharacterized protein  165 Extracellular space 
DCEF22 DcWN_010436 uncharacterized protein  128 Extracellular space/Nucleus 
DCEF23 DcWN_013243 uncharacterized protein  94 Extracellular space/Nucleus 
DCEF26 DcWN_027964 uncharacterized protein  252 Mitochondrion 












197 Extra cellular 
DCEF35 XP_008468032.1 uncharacterized protein  142 Extra cellular 
 
First, the mRNA abundance of candidate effector genes was evaluated on two 
different ACP life stages (nymph and adult). For both analyzed life stages, similar mRNA 
pattern was observed for the most candidate effectors (Figure 1). DCEF22, DCEF28 and 
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DCEF33 presented elevated mRNA levels on nymphal stage compared to adult phase 
(Figure 1).  
 
Figure 1: Relative gene expression of 12 D. citri candidate effectors on nymphal and adult stages. This 
data consist on normalized target mRNA levels to abundance of mRNA of housekeeping genes S13 and 
S20. Mean of three biological replicates per set were applied to obtain those results. Different letters 
correspond to differences statistically significant amongst treatments (P-value < 0.05). 
 
Since our goals were select effectors that are present on D. citri salivary gland or 
may be secreted by saliva, gene expression analysis on different body parts (head and 
body) were performed. The mRNA abundance of ten out of twelve candidate effectors 
genes were higher in the head than in the ACP body (Figure 2). Candidates that not 
presented statistically differences between body parts (DCEF 10 and DCEF 11) were 






Figure 2: Relative gene expression of 12 D. citri candidate effectors on head and body. This data consist 
on normalized target mRNA levels to abundance of mRNA of housekeeping genes S13 and S20. Mean of 
three biological replicates per set were applied to obtain those results. Different letters correspond to 
differences statistically significant amongst treatments (P-value < 0.05). 
 
Furthermore, modulation of gene expression of ten remaining candidate effectors 
by CLas were evaluated in nymphs and adults. An exception of DCEF22, all selected 
genes were significantly modulated on CLas-infected condition on at least one of 
analyzed life stages (Figure 3). DCEF08 and DCEF23 were overexpressed on CLas-
infected insects compared with healthy ones both on nymph and adult stages. Presence of 
CLas promotes elevation of mRNA levels of DCEF19, DCEF26 and DCEF27 genes in 
ACP adults. DCEF33 was suppressed on both nymph and adult infected ACPs. DCEF32 
and DCEF35 genes were inhibited on Ca Las-infected adults. DCEF28 mRNA levels 
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were reduced on Ca Las-infected nymphs compared with healthy ones (Figure 3). Based 
on this results, six effectors were selected for RNAi experiments: DCEF26, DCEF27, 
DCEF28, DCEF32, DCEF33 and DCEF35. 
 
Figure 3: Relative gene expression of ten D. citri candidate effectors on nymphal (A) and adult (B) CLas-
infected insects compared with CLas-free nymph and adults. Mean of three biological replicates per set 
were applied to obtain those results. * correspond to differences statistically significant amongst treatments 
healthy and CLas infected (P-value < 0.05). 
 
Delivery of dsRNA by artificial diet 
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In vitro delivery occurred through 30% sucrose-artificial diet containing 100ng/µl 
of dsRNA. After five days of continuous dsRNA delivery, were observed 46, 47 and 51% 
of mortality for DCEF26, DCEF27, and DCEF32 genes, respectively. DCEF28 treatment 
caused significant mortality as from initial 48 hours of experiment, promoting 48% of 
mortality in the end of five days. DCEF33 and DCEF35 showed less expressive effect on 
ACP mortality causing 40 and 26% of mortality, respectively (Figure 4).  
 
Figure 4: Mortality rates of D. citri fed on artificial diet containing 30% of sucrose, 100ng/ul of dsRNA of 
GFP and DsRNA of effectors DCEF26, DCEF27, DCE28, DCEF32, DCEF33 and DCEF35. Mortality rates 
were evaluated daily during a period of 120 hours. Present data correspond to average of three independent 
experiments. * correspond to differences statistically significant amongst treatments (P-value < 0.05). 
 
Gene expression analysis showed reduction of mRNA levels for all effector genes 
(Figure 5), confirming the knockdown of candidate effectors genes by dsRNA delivery 
on artificial diet. The higher mRNA reduction was observed for DCEF33 and DCEF32 
genes which presented inhibition of 63 and 59% of mRNA levels, respectively. DCEF26, 
DCEF27 and DCEF28 genes showed reduction of 34, 39, 43% of mRNA levels, 
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compared with control, GFP. DCEF35 effector presented inhibition of 18% of gene 
expression. (Figure 5). 
 
Figure 5: Relative gene expression of candidate effectors DCEF26 (A), DCEF27 (B), DCEF28 (C), 
DCEF32 (D), DCEF33 (E) and DCEF35 (F) compared with control GFP. Gene expression evaluation were 
realized from ACP adults after fed on artificial diet containing dsRNA of effectors and dsRNA of GFP for 
five days. Present data correspond to mean of three independent experiments. * correspond to differences 
statistically significant amongst treatments (P-value < 0.05). 
 
Effect of silencing on ACP feeding in vitro 
In order to verify interference of silencing of effectors on ACP feeding, 
microscopic evaluation of salivary sheath was performed. No morphological differences 
in the salivary sheaths were observed between treatments and control (Figure 6). 
However, alterations in the size of salivary sheath were observed (Figure 7). The salivary 
sheath size of dsDCEF32, dsDCEF33 and dsDCEF35-treated insects were 20, 32 and 
27% respectively, lower than control, sucrose. dsDCEF28-treated insects exhibited 
increase of 45% on salivary sheath size compared with control (Figure 7).  
Moreover, the effect of effectors silencing on ACP ingestion capacity were 
evaluated by quantification of excretions deposited on filter paper in the bottom of the 
cages. Significant reduction of honeydew was observed in five out of six treatments 
(Figure 8). DCEF32, DCEF33 and DCEF35 treatments promotes the strongest reduction 
of honeydew production, presenting tinted area 72, 82 and 69% lower than control, 
sucrose, respectively. Reduction of 38 and 37 % of tinted area were observed on DCEF27 
and DCEF 28 treatments. No difference on honeydew production were observed between 
DCEF 26 treatment and controls. Those results corroborate the hypothesis that silencing 

















Figure 6: Morphology of ACP salivary sheath after treatment with dsRNA of GFP (A), DCEF26 (B), DCEF27 (C), DCEF28 (D), DCEF32 (E), DCEF33 (F) and DCEF35 (G), 




Figure 7: Measurement (µm) of ACP salivary sheath after treatment with dsRNA of GFP, DCEF26 , 
DCEF27, DCEF28, DCEF32, DCEF33 and DCEF35. Present data correspond to average of three 


















Figure 8: Honeydew tinted area after treatment with of dsRNAs of GFP, DCEF26, DCEF27, DCEF28, 
DCEF32, DCEF33 and DCEF35. Present data correspond to average of three independent experiments. 
*correspond to differences statistically significant amongst treatments (P-value < 0.05) and **correspond 
to differences statistically significant amongst treatments (P-value < 0.01). 
 
Effect of silencing of ACP candidate effectors in vivo 
Once plant response could alter the insect feeding abilities compared with in vitro 
conditions, we decide evaluated the behavior of ACP in plants after feeding dsRNAs from 
three candidate gene effectors (DCEF27, DCEF 28 and DCEF32) in artificial diet. ACP 
adults were treated dsRNA via artificial diet for five days. Then, insects were transferred 
to leaves of ‘Rangpur lime’ seedlings for a period of five days. Mortality were evaluated 
daily. Quantification of honeydew droplets and gene expression analysis were realized in 
the end of the experiment. After first 24 hours, all treatments showed elevated mortality, 
compared with controls, sucrose and GFP (Figure 9), presenting 44, 41 and 47% of 
mortality for DCEF27, DCEF 28 and DCEF32 genes in the end of five days.  
 
Figure 9: Mortality rates D. citri in Rangpur lime leaves after treatment with dsRNA of DCEF27, DCE28, 
DCEF32 effectors. ACPs were treated with effectors dsRNA in vitro, then transferred to citrus plants for 
78 
 
feed. Mortality rates were evaluated daily during a period of 120 hours. Present data correspond to average 
of four independent experiments. * correspond to differences statistically significant amongst treatments 
(P-value < 0.05). 
 
Honeydew analysis demonstrated reduction of excreta production by dsRNA-
treated insects. Decrease 10 and 38% of tinted area were observed on DCEF28 and 
DCEF32 treatments compared with control, sucrose. dsDCEF27-treated insects presented 
the strongest reduction of honeydew production, showing tinted area 70% lower than 
controls (Figure 10). These results demonstrate that knockdown of D. citri effectors could 
also interfere on ACP feeding in planta.  
 
Figure 10: Honeydew tinted area of silenced DCEF27, DCEF28, DCEF32 ACPs after feeding in Rangpur 
lime leaves. Present data correspond to average of four independent experiments. * correspond to 
differences statistically significant amongst treatments (P-value < 0.05). 
 
In the other hand, after five days feeding in planta, gene expression analysis 
showed restauration of mRNA transcription for all dsRNA-treated insects (Figure 11). 




Figure 11: Relative gene expression of candidate effectors DCEF27 (A), DCEF28 (B), DCEF32 (C), 
compared with control GFP. ACP adults were treated with DsRNA of effectors than transferred to feed on 
Rangpur Lime leaves for five days. Present data correspond to average of four independent experiments. 
** correspond to differences statistically significant amongst treatments (P-value < 0.01). 
 
Evaluation of feeding behavior of D. citri  
To confirm alterations on D. citri caused by silencing of candidate effectors, EPG 
analysis were applied reveling differences by the groups. EPG recordings was performed 
on adult females after dsRNA delivery via artificial diet for five days. DCEF_28 and 
DCEF_32 treatments showed long periods feeding on xylem (waveform G) (Figure 12A), 
compared with controls. (sucrose and GFP). Moreover, the proportion of individuals that 
produced the waveform G (PPW) was lesser on the treatment DCEF_28 and DCEF_32 
when compared to the treatment GFP (Table 2). 
Sustained phloem ingestion (E2 > 10 minutes) was significantly reduced on 
DCEF_32 treatment when compared to the other treatments (Figure 12B). Furthermore, 
the proportion of individuals that produced ingestion in the phloem (E2 and E2s) was 




Figure 12: Comparison of ACP waveforms feeding behavior after in vitro delivery of DsRNA of DCEF27, 
DCEF 28, DCEF32 effectors and controls sucrose and DsRNA of GFP. A) Waveform duration per insect 
(WDI) of xylem; B) number of waveform events per insect (NWEI) of E2s on ‘Rangpur lime’ during 10-h 
recording. Different letters indicate a statistically significant difference according to Tukey test (for 
Gaussian variables) or Kruskal-Wallis test (for non-Gaussian variables) (P-value <0.05). 
 
Table 2. Proportion of individuals that produced a specific waveform type (PPW) on 




Waveform* Sucrose GFP DCEF_27 DCEF_28 DCEF_32 X
2
 df P 
G 9/15 ab 6/15 a 11/15 ab 13/15 b 12/15 b 9.44 4 0.05 
D 15/15 a 15/15 a 13/15 a 12/15 a 11/15 a 8.08 4 0.09 
E1 15/15 a 15/15 a 13/15 a 12/15 a 11/15 a 8.08 4 0.09 
E2 15/15 a 15/15 a 12/15 a 12/15 a 8/15 b 15.45 4 0.04* 
E2>10 min 15/15 a 15/15 a 12/15 a 12/15 a 7/15 b 18.79 4 <0.01* 
 
* Waveforms: (C) salivary sheath secretion and other stylet pathway activities, (D) first contact with 
phloem, (E1) salivation in phloem sieve tubes, (E2) phloem sap ingestion (BONANI et al., 2010). 
Proportion followed by the same letter, in the same row, do not differ significantly (P-value>0.05) using 
chi-square (X2) test for pairwise comparisons. 
 
The mean duration per event (WDE) of non-probe was significantly longer on 
DCEF_32 than in the treatments Sucrose and GFP (Figure 14A). The WDE of C (stylet 
pathway) and probe were significantly shorter in the treatment control Sucrose when 
compare to the other treatments (Figure 13B and C). The WDE of D was significantly 







Figure 13: Comparison of ACP waveforms feeding behavior after in vitro delivery of DsRNA of 
DCEF_27, DCEF_28, DCEF_32 effectors and controls sucrose and DsRNA of GFP during a 10-h recording 
on ‘Rangpur lime’ seedlings. Waveform duration (min) per event (WDE) of A) non-probe (np); B) probe; 
C) waveform C; D) waveform D. Different letters indicate a statistically significant difference according to 
Tukey test (for Gaussian variables) or Kruskal-Wallis test (for non-Gaussian variables) (P-value <0.05). 
 
Discussion 
Salivary proteins plays important role on plant-insect interactions (DALIO et al., 
2017). Potato aphid, Macrosiphum euphorbiae, Thomas (Hemiptera: Aphididae), for 
instance, presents an effector which interacts with two plant defense compounds, 
promoting aphid fecundity (KETTLES; KALOSHIAN, 2016). Hessian fly, Mayetiola 
destructor, Say (Diptera: Cecidomyiidae), phosphatase 2C effector family elicits effector-
triggered immunity in wheat by interacting with transduction signal pathways (ZHAO et 
al., 2016). Further, feeding is the principal vehicle of acquisition of CLas by ACP. Studies 
have been demonstrated that long phloem ingestion realized by ACP nymph instars are 
responsible for high acquisition efficiency of CLas (GEORGE et al., 2018). Based on 
that, we proposed the identification of D. citri candidate effectors, seeking identify 
proteins important for interactions between ACP and citrus, and/or CLas.  
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 Pea aphid bioinformatic pipeline (BOS et al., 2010) were applied for selection of 
candidate proteins present on genomic and transcriptomic sequence sources. Pea aphid 
effectors are one of the best characterized insect effectors (CAROLAN et al., 2011; 
PITINO; HOGENHOUT, 2013; WANG et al., 2015b) and its pipeline for effector 
prediction were also successful applied for identification of mite effectors  
(VILLARROEL et al., 2016). These tools enable the identification of 131 D. citri 
candidate effectors, majority characterized as unknown function proteins which not 
match with any insect proteins (Supplemental table 3.1). Insect effectors tend to be 
species or genus specific, which support the observed data. Prediction of aphid effectors 
also showed a large number of unknown function proteins, that may indicate high 
specificity of function of insect effectors resulted from strong selection pressure to 
adaptation of host response (CAROLAN et al., 2011; THORPE; COCK; BOS, 2016). 
Twenty-nine D. citri candidate effectors showed similarity with arthropod salivary 
proteins (Supplemental table 3.2), supporting the hypothesis that these effectors may be 
produced and secreted by D. citri salivary gland. Bioinformatic revealed nuclear 
localization signals (NLSs) and chloroplast transit peptides (cTP) in several ACP 
effectors (Supplemental table 3.1; Supplemental Figure 3.1) indicating that these effectors 
may act on important host organelles.  
Gene expression analysis showed that D. citri effectors present similar mRNA 
level in both nymph and adult stages. Besides, these genes are over expressed in the head 
of insects indicating that these proteins could be secreted by ACP saliva. Over expression 
in the insect head, were also a selection criteria applied for discriminate effectors of aphid 
and mite species (THORPE; COCK; BOS, 2016; VILLARROEL et al., 2016). Moreover, 
we investigate if the presence of Ca Las promotes alterations on D. citri effectors gene 
expression. All selected genes showed alterations on mRNA levels in response of CLas 
infection (Figure 3), which is a good indicative that genes could interfere on CLas 
acquisition or transmission process by D. citri.  
 CLassical strategies for evaluate insect feeding are monitoring salivary sheath and 
excreta production (AMMAR; HALL, 2011; HALL et al., 2010). We observed that 
knockdown of ACP effectors in vitro assays caused alterations on these parameters. All 
treatments that showed reduction of salivary sheath size also presented strong reduction 
of honeydew production (Figures 6 and 7), which indicate that size of salivary sheath may 
affect ACP ingestion.  
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Salivary sheath represents one of two common salivary secretions produced by 
phytophagous hemipterans. This formation is a solid structure that covers insect stylet 
providing orientation and stability during piercing process and also protect insect stylet 
of plant defenses (MORGAN et al., 2013; SHARMA et al., 2014; WALLING, 2008). 
Production of this structure are tightly related with appropriated insect feeding. 
Nonetheless, excretions production is direct associated with insect ingestion (CID; 
FERERES, 2010; DUGRAVOT et al., 2008). Corroborating this hypothesis, knockdown 
of salivary sheath protein of brown planthopper N. lugens also resulted on reduction of 
honeydew amounts (YE et al., 2017).  
In the other hand, these alterations did not affect directly mortality rates. DCEF33 
and DCEF35 treatments, which presented reduction of salivary sheath size and honeydew 
droplets, showed no significative mortality on artificial diet experiments (Figure 3). 
Similar pattern were observed on silencing NlShp gene of N. lugens, which promotes 
alterations on insect feed behavior in vitro however, this gene knockdown did not cause 
significative insect mortality (HUANG et al., 2015). 
Additionally, ACP effectors knockdown also interfere on ACP feed in planta. 
Expressive decrease of excreta production by dsDCEF27 and dsDCEF32-treated insects 
and elevated mortality were observed when this insects feed in ‘Rangpur lime’ leaves 
(Figures 8 and 9). 
Knockdown of DCEF27, DCEF 28 and DCEF32 D. citri effectors through 
delivery of dsRNA via artificial diet were proved by significative reduction of gene 
expression (Figure 4). Nevertheless, restauration of mRNA levels was observed after five 
days of in vivo experiments (Figure 10), demonstrating that in the absence of constant 
dsRNA source, silencing effects of analyzed genes in D. citri are transient. Lack of 
efficient system of silencing signal amplification and the presence of nucleases which 
degrades dsRNA may be factors that could explain the observed phenomenon but, none 
of this were already described for ACP (TANING et al., 2016). For several hemipterans 
species have been reported nucleases that quickly degrade dsRNA on different body 
fluids (SINGH et al., 2017). Difference on nuclease activity on different tissues were also 
described as an important factor for determination of dsRNA delivery strategy for some 
insects  (PRENTICE et al., 2017; SONG et al., 2017; SPIT et al., 2017).  
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Feeding behavior evaluation of insects by EPG analysis demonstrated significant 
reduction of phloem ingestion in DsDCEF32-treated insects. Only 50% of DsDCEF32-
treated insects performed E2 wave (Table 2). Moreover, time spended in this waveform 
were 50% lower for DCEF32 treatment compared with controls (Figure 11 B). These 
results indicate that dsDCEF32-treated insects hardly often perform E2 waveform and 
when it happens, these insects cannot hold the passive phloem ingestion for a long time. 
These results allow the hypothesis that DCEF32 D. citri effector may be important for 
CLas acquisition and transmission process. Luo and collaborators (2015) showed ACP 
adults that performed E2 wave were subsequently detected as CLas positive, 
demonstrating these EPG waveforms are strongly associated with CLas acquisition (LUO 
et al., 2015). In the other hand, strong correlation between duration of phloem salivation 
(E2 wave) and CLas transmission were described by Wu and collaborators (2016). This 
studies demonstrated that phloematic phases (E1 and E2) are a critical point for 
acquisition and transmission of CLas by D. citri (CEN et al., 2012; LUO et al., 2015; WU 
et al., 2016). 
Interference on phloem feeding were also observed for dsDCEF27 treatment, 
showing elevation on time spended on waveform D (Figure 12 D). Waveform D have 
been reported as the first contact of insect stylet with phloem cells consisting on transition 
behavior between intercellular passage (waveform C) and phloem phases (E1 and E2 
waveforms) (BONANI et al., 2010). However, transpassing the difficulties on the first 
phloematic stages, dsDCEF27-treated insects did not present inability of phloem 
ingestion, showing similar duration of E2 phase than controls (Figure 13 B). 
Interesting observation were the elevation of frequency and time of waveform G, 
which consist on xylem ingestion, on DCEF 28 and DCEF32 treatments (Figure 12 A). 
G waveform presents low frequency and duration are in D. citri feeding behavior. 
Previous analysis demonstrated that G waveform occur on approximately 30% EGP 
recordings for D. citri adults with duration ranging from 9 to 18% of recording time 
(BONANI et al., 2010; GEORGE et al., 2017, 2018). Surprising, our results showed a 
frequency higher than 70% of G waves for dsRNA- effector treatments (Table 2). 
dsDCEF28 and dsDCEF32 treated insects stay long periods feeding on xylem vessels 
(Figure 12 A; Supplemental table 3.5). G waves formation for phloem sap feeders are 
frequently associated to dehydration or osmotic balance (POMPON et al., 2011; 
SPILLER; KOENDERS; TJALLINGII, 1990). In citrus-ACP interactions, increase of G 
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wave formation were reported when ACP feeds on CLas-infected plants (CEN et al., 
2012; GEORGE et al., 2018). D. citri perform more often and for long periods xylem 
ingestion were also observed on mature leaves compared with young ones due more 
pronounced sclerenchymatous ring around phloematic vessels which difficult phloem 
ingestion (GEORGE et al., 2017). In this case, hypothesize that xylem ingestion occur to 
compensate the inefficiency of phloem ingestion (GEORGE et al., 2017).  
 
Conclusions 
 Present work contemplates, for the first time, prediction of D. citri effectors. 
Bioinformatic tolls associated with gene expression analysis permitted the successful 
identification of this proteins which are mostly specie-specific. Gene expression analysis 
provide selection of candidates that present mRNA levels modulated by CLas and may 
be secreted by ACP salivary glands (over expressed in D. citri head). DCEF27 and 
DCEF32 genes stand out amongst identified effectors. RNA-interference technology have 
been successfully applied on in the study of D. citri  (EL-SHESHENY et al., 2013; 
GALDEANO et al., 2017; HAJERI et al., 2014; KISHK et al., 2017). Additionally, EGP 
analysis combined with RNAi allow the monitoring of salivary genes action in insect-
plant interactions  (ABDELLATEF et al., 2015; HUANG et al., 2015)  
 In conclusion, we could observe that DCEF32 effector are important for feeding 
behavior of D. citri. Silencing of DCEF27 and DCEF32 genes promotes alterations of on 
salivary sheath size and ACP phloem ingestion, as observed on microscopy and EPG 
analysis. Consequently, reduction of honeydew production and decrease of D. citri 
lifespan may occur as a result of feed inabilities reported. Information obtained in this 







O presente trabalho alinha-se com os esforços de ampliar os conhecimentos 
acerca da interação de D. citri com CLas e citros, por meio da utilização de 
diversas abordagens.  
Análises de real-time demonstraram que o número de insetos positivos para 
CLas aumenta ao longo das gerações desse inseto, atingindo 100% de infecção 
não geração F4. Adicionalmente, foi observado que a titulação bacteriana aumenta 
expressivamente ao longo das gerações de D. citri. Portanto, é evidente a estreita 
associação entre multiplicação da bactéria no vetor e sua permanência ao longo de 
gerações, confirmando a adaptação entre esses dois organismos.  
Adicionalmente observou-se que a fase adulta é o período em que D. citri se 
encontra mais metabolicamente ativo. A análise de um conjunto de genes 
envolvidos com o metabolismo do inseto comprova que eles se comportam de 
forma estável entre os estágios ninfais, sem drásticas variações, como é 
usualmente observados em insetos hemimetábolos. A infecção por CLas no inseto 
promove forte supressão de vários genes, o que pode constituir uma estratégia do 
inseto para limitar o acesso de CLas a fontes de energia. Em se confirmando essa 
hipótese, fica evidente que o inseto deve acionar seu sistema imunológico na 
interação com a bactéria. Três genes potencialmente envolvidos na interação de 
D. citri com bactérias apresentaram sua expressão fortemente modulada pela 
presença dessa bactéria. Ainda não é possível afirmar categoricamente se a 
infecção é benéfica ou não ao inseto.  
Adicionalmente, pode-se concluir que os genes analisados não somente no 
processo de desenvolvimento de D. citri bem como para a interação desse inseto 
com CLas, podem se constituir alvos para estudos de silenciamento gênico e para 
a determinação o estabelecimento de novas estratégias de controle desse inseto.  
Baseando-se no fato de que efetores de inseto podem também ser secretados 
na saliva durante o processo de alimentação, etapa importante na aquisição e 
transmissão de CLas, genes candidatos foram identificados, sendo a expressão 
deles avaliada durante o desenvolvimento do inseto. A super expressão desses 
genes candidatos na cabeça do psilídeo e sua modulação na presença da bactéria 
confirma que eles estão envolvidos nesse processo, muito embora a função 
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específica de cada um deles ainda necessita maiores estudos.  
O silenciamento de seis candidatos a efetores combinado com o 
monitoramento do comportamento alimentar dos insetos silenciados via EPG, 
demonstrou que os efetores de D. citri interferem na capacidade de ingestão de 
xilema e floema por esses insetos, que demonstra que esses genes são importantes 
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Anexo capítulo I  
 
Supplementary Table 1.1: Primers designed for RpoB and RpoD genes from 
CLas 
Gene  Primer sequence Size pB 
RpoB Foward: CGTGGGCCTGGAGTTGT 
247 Reverse: GCGCACTTTCCACCGTAT 
RpoD 
Foward: ACAGCGCGGCTATGTGA 




Supplementary file 1.2: Sequence alignaments of RpoB and RpoD genes between CLas and D. citri endosymbionts Wolbachia spp., 
Candidatus Carsonella rudii, Candidatus Profftella armatura and Herbaspirllum spp. 
 
RpoBCaLas       A----------------------------------------------------------- 
Wolbachia       ATGGTTGATTCTTCTTATATGTGTGCTTCTAGTGCTTTTGTTCCTAGGGTTTCTTATTCC 
                *                                                            
RpoBCaLas       --------TGATCCAAAAAA--ATTGGCAAGAGTTGATTAAG------------------ 
Wolbachia       AGGTCGATTGATTTAAAAGATTCTTTGTTGGATTTGGTTAAAGTCCAAAAGGGGTCATAT 
                        ****  **** *   ** *   ** *** ****                    
RpoBCaLas       ------------CCGAATAATA-------------------------------------- 
Wolbachia       AATTCCTTTACTCCTAATAATGAGAGTAATGAAAAACTTGAAGCTATCTTTCATACAATT 
                            ** ******                                        
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       TTTCCAATATCTGATCCTTTGCATAGGGCTACTATCGAATTTTTGAATTGTAGGGTAGAT 
                                                                             
RpoBCaLas       -------------------TTGAATATATA------------------------------ 
Wolbachia       GATCTTAAGTATAGTGAATCTGAGTGTATAAAACGTGGTATAACTTTTTCTGCTCAGGTT 
                                    *** * ****                               
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       ATTGCTTCTATACGTCTTGTTATTATGCAGGATGGTGTTTCTCTTGAAAAATATCAAGAA 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GTTAAAGAAGATGATGATCATTCTAAACTTGCAACTATTATAAAATCTGCTGAAGAGCAG 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GAGGTTCGCTTTTGTGAACTGCCTATGATGACTGATAAAGGTACTTTCATCATCAATGGC 
                                                                             
RpoBCaLas       --------------------------------------------GTCCTTGGACA----- 
Wolbachia       GTAGAGAAAGTTATCGTTTCACAAATGCATAGATCTCCTGGAGTGTTTTTTGATAGTGAT 
                                                            **  ** ** *      
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       AAGGGAAAAACTTACAATTCTGGCAAATTGATCTATTCTGCTAGAGTTATTCCTTATAGA 
                                                                             
RpoBCaLas       ---------------------------------------------------------AGA 
Wolbachia       GGTTCTTGGCTTGATATTGAGTTTGATGTTAAAGATCATTTGTATTTTCGTATTGATAGA 
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                                                                         *** 
RpoBCaLas       AGAAGAAAAT--------------------AGGACTTTG----------ATGATAGC--- 
Wolbachia       AAGAGAAAATTGCCAATATCAGTTTTATTAAAGGCTTTGGGCTTATCAAATAATGACATA 
                *  *******                    * * *****          ** **  *    
RpoBCaLas       -----------------------------------------------------AGAACCT 
Wolbachia       CTTAATAAATTTTATGAAAAAATAGACTATATAAAACATAAAAGTGGCTGGAAAGTACCT 
                                                                     ** **** 
RpoBCaLas       CTTCCCC-------------------GTGGTTTC-------------------------- 
Wolbachia       TTTTTCCCTGATAAATTCAAGGGAGTGAGGCTTCCTTTCGATTTAAAGAATGTTGAAGGC 
                 **  **                   * ** ***                           
RpoBCaLas       ---------------GCTCATACTCTT--------------------------------- 
Wolbachia       AATGTGTTACTTAAAGCTAATATTCGTATTACTTCGAAATTAGCTAAAAATCTATATGAT 
                               *** *** ** *                                  
RpoBCaLas       ------------GGGAATGCACTTCGTCGTGTGT-------TAATGTCTTCGTTGCG--- 
Wolbachia       AACGGGTTGAAAGAGTATCTAATTCCTTATGATTCTATATGTGGTTTATTTCTTGCAGAA 
                            * * **  * *** *  **  *       *  * * **  ****     
RpoBCaLas       -----------------TGGTGCTGCAA------TAACTGCTGTTCAA------------ 
Wolbachia       GATTTAATAGATAGTGCTAGTTCTACAAAAATCTTATCTGCTGGTGAATCTATAAAATTA 
                                 * ** ** ***      ** ****** * **             
RpoBCaLas       ------------------------------------------------------ATTGAT 
Wolbachia       GAGGATATAAAAAAGCTTGAATTATTATCTATAGATAAAATATCAGTGTTGAACATAGAT 
                                                                      ** *** 
RpoBCaLas       GGTG------------------------------------------------TATTGCAT 
Wolbachia       AATGTTTCTGTTGGACCTTACATATTAAATACACTTTTCTTAGATGAAAACATGTCTTAT 
                  **                                                * *   ** 
RpoBCaLas       GAGA-------------------------------------------------------- 
Wolbachia       GAGAACGCTCTATATGAAATATATAAGGTTTTGCGTCCTGGTGAAGTTCCTGTTTTAAAG 
                ****                                                         
RpoBCaLas       --------------------------TTTCTTC--------------------------- 
Wolbachia       ATAGTAGAGGAGTTTTTTCGTAATCTTTTCTTCAGTCCGGAATATTATGATTTGTCTAAC 
                                          *******                            
RpoBCaLas       ---------------------------------------TATCAAAGGAGT--------- 
Wolbachia       ATTGGTAGATTAAAACTTAACTCTTGCCTTGGGTTAAATTATGAAGAAAGTTTAACTACT 
                                                       *** **   ***          
RpoBCaLas       -----GCACGAAGATCTGACGGATATTAT------------------------------- 
Wolbachia       TTAACACATGAAGACATTATTGAAATTATAAGAAAAATAGTATTGTTACGTGATGGTCAA 
                      ** *****  * *  ** *****                                
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RpoBCaLas       ---TCT------------------------------------------------------ 
Wolbachia       GGATCTGTAGATGATATTGATCATTTAGCAAATAGAAGAGTCCGTTCAGTTGGAGAGTTT 
                   ***                                                       
RpoBCaLas       ---GAATATCAA----------------------------GGG----------------- 
Wolbachia       ATAGAAAATCAATTTAGAACTGGATTATTAAAATTGGGACGGGCAGTAGTTGATTCTATG 
                   *** *****                            ***                  
RpoBCaLas       --------------------------------------TATTAACCTGAAAATGT----- 
Wolbachia       TCTACTTCTAGTTTAGATAAAGTCTCTCCATCTGATTTTATAAACCCAAAAGTGTTAACC 
                                                      *** ****  *** ***      
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       AATGTCTTAAGAGATTTTTTCAATTCTTCCCAATTATCTCAATTTATGGATCAGACTAAT 
                                                                             
RpoBCaLas       ----------------------------------------------CTGGTGATTC---- 
Wolbachia       CCATTATCTGAAATAACACATAAAAGAAGGTTGTCGGCGTTAGGTCCTGGTGGTTTAACA 
                                                              ****** **      
RpoBCaLas       ---GCATAAGCGGG---------------------------------------------- 
Wolbachia       AGAGAGAGAGCGGGATTTGAAGTGCGTGATGTTCATCCAACTCATTACGGAAGAATTTGC 
                   *    ******                                               
RpoBCaLas       ----------------------------------------------TAACTATCTTC--- 
Wolbachia       CCTATTGAAACTCCTGAGGGACAGAATATAGGCTTAATTAACAGCTTAGCTATATACGCT 
                                                              ** **** * *    
RpoBCaLas       ---------AAGCGTGGGCC------------------------------TGGAGTTGTT 
Wolbachia       CGTATTAATAAATATGGGTTCATTGAAAGCCCTTATAGGAAAGTAGTTAATAAGGTTGTT 
                         **   ****                                *   ****** 
RpoBCaLas       ACT--------------------------------------------------------- 
Wolbachia       ACTGATCAAATTGAGTATCTGTCTGCTATAGATGAAGGTTTATATTATATAGCCGATACC 
                ***                                                          
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       AGCGCAAAGCTTGATGAAAACAACTGCTTTGTTGATGATATGTTATACTGTAGGTATGCT 
                                                                             
RpoBCaLas       --------------------------------------------------------GCAG 
Wolbachia       GGTACCTTTGTAATGGTAAATAGTAATCAAGTAAGTTACATTGATTTATCTCCTAAGCAG 
                                                                        **** 
RpoBCaLas       GTGATAT---------------------------------------------ACAGACTG 
Wolbachia       GTAATATCGGTTGCTGCTTCTTTAATTCCATTTTTAGAAAATGATGATGCTAATAGAGCG 
                ** ****                                             * ***  * 
RpoBCaLas       TTAATGA------------------------------TATTGA----------------- 
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Wolbachia       TTAATGGGTTCAAATATGCAGCGTCAAGCTGTACCTTTATTGAAGTCTACTGCTCCTTTG 
                ******                               ******                  
RpoBCaLas       ---------------------------------------GGTGCT--------------- 
Wolbachia       GTTGCTACTGGTATGGAGTCTTTCGTAGCTTCTGGCTCTGGTGCTGTAGTTTTAGCAAAA 
                                                       ******                
RpoBCaLas       -----------------TAATCCAGATCAT---------GTTATTTGTAATCTTG----- 
Wolbachia       CGTGGTGGCATAGTTGACAGCTCAGATAGTAACTCTATAGTTATACGTGCTTTTGACAAA 
                                  *   *****  *         *****  **  * ***      
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GAAGGAATTAACTACTTAGATGTAGATATTTATCATCTAAGAAAATTTCAGCGTTCTAAC 
                                                                             
RpoBCaLas       ----------------------------------ATGTAGATG----------------- 
Wolbachia       CATAATACTTGTATTAACCAGAAACCACTGGTGCATGTAGGTGATTGTGTTAAGGAAGGT 
                                                  ****** **                  
RpoBCaLas       --------------------------------CGGTG----------------------- 
Wolbachia       GATGTGATAGCTGATGGTCCTGCTATTAATAACGGTGAATTGGCACTTGGCCAAAACTTG 
                                                *****                        
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       CTAGTCGCTTTTATGTCTTGGCAAGGTTATAATTTTGAAGACTCAATCATTATTTCTAGT 
                                                                             
RpoBCaLas       ------------------------------GTTCGTATGG-------------------- 
Wolbachia       GAAGTTGTTAAAAAAGATCTATTTACTTCTATTCATATAGAAGAATTTGAATGTGTTGTA 
                                               *** *** *                     
RpoBCaLas       -----------------------------AACTCACG-----------GTTTCTAAGGGA 
Wolbachia       CATGACACTCCTTTAGGGTCGGAAAAAATAACTCGTGCCATACCAGGTGTTAATGAAGAA 
                                             *****  *           ***  * * * * 
RpoBCaLas       CAT------------------------------------------------------GGT 
Wolbachia       AATCTTTATCACTTGGATGATAGTGGTATAGTAAAGGTTGGTACAAGAGTTGGTTCAGGT 
                 **                                                      *** 
RpoBCaLas       TATGTCCCCG---------------CTAAACA---------------TCATAGGAC---- 
Wolbachia       TATATTTTGGTGGGGAAAGTTACACCTAAGCATTCTCTTTCATTGCCTCCTGAGACAAAA 
                *** *    *               **** **               ** *  ***     
RpoBCaLas       ---------------------GGAAAATGATCCAATTGGTTTGATTAC------------ 
Wolbachia       TTGTTAATGACAATTTTTGGTGAAAAGTCATTCGATTGTGTGGATTCCTCTTTATATACA 
                                     * *** * ** * ****  * **** *             
RpoBCaLas       -----------------------GATTGATG-------CTTTATAT-------------- 
Wolbachia       TCTCCAGATATTGAAGGGATAGTGATTGATGTGCAGGTCTTTACACGCAGAGGGGAAGAA 
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                                       ********       ***** *                
RpoBCaLas       ---------------TCTCCTATC------AAAAAGGT---------------------- 
Wolbachia       GAAAACGAAAGGGCGTTTCTTATTAAGCAAAAAGAGGTAAATGATTTTGAGAAAGAACGA 
                               * ** ***       *** ****                       
RpoBCaLas       ----------------------------------------------------TTCTTAT- 
Wolbachia       GACCATATAATCAATGTTATTAATCAATATTTCTATGATGAATTAAGAAAAATTCTTATT 
                                                                    *******  
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       AATTCTGGCTCTCAAGATCGAGAAAGTATTAATTTTATTGAACGTGAGGGATGGTGGGAT 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       ATAGGATTGAAAAACCAATCTATTTCTAAGCAAGTTGAGAGCTTAAAAAAAGATTTTGAT 
                                                                             
RpoBCaLas       ------------------------------------ACGGTGGAAAGTGCGCGTGAAGG- 
Wolbachia       GAAAAAGTATCACATGCAATAGCAAACTTTAAGCGAAAAGTAGAAAAATTGCATGAAGGT 
                                                    *  ** ****    ** ******  
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       TATGATCTGCCTCAAGGTGTGTCGATGTCAGTAAAAGTTTTTATTGCTGTAAAACATAGT 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       TTGCAGCCAGGGGATAAAATGGCTGGTAGACATGGAAATAAAGGTGTGATTTCTCGAGTT 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GTTCCAGTAGAAGATATGCCTTATTTAGAAGATGGTACTCCTATTGATATTATTCTTAAC 
                                                                             
RpoBCaLas       ---------------------------------------------------GCAGGT--- 
Wolbachia       CCTCTTGGCGTTCCTTCACGAATGAATGTAGGGCAAATATTGGAAACGCATGTAGGTTGG 
                                                                   * ****    
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GCTTGTAAAAAATTAGGAGAAAAAGTAGGCAATATTCTTGATGAGATCAATAAAATCAAA 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       CGTGCTTTTTGTGAGGCAATTAGATCTCTCAGTGATGATGATTTTGAAAAATTTGCAGCA 
                                                                             
RpoBCaLas       -----TCTTGATTATGATAAA-TTGAGTATG----------------------------- 
Wolbachia       TTATATCTTGATAATAAAAAATTTGAGGATGTTAATGATGATGAAATAACGTCTTCTATT 
                     ******* ** * *** ***** ***                              
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RpoBCaLas       ------ACGATTGATACTGATGG------------------------------------- 
Wolbachia       TTAGATACGACTAATAAGGATGAATTAGATAATGAATTGACTACATTAGTAGAGAATTAT 
                      **** * ***  ****                                       
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       TTCAACTCTTGTAAAGATGCACACAGTAGTTTACGTCACTTCCTGATTGAGGTTTATAGT 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       TGTGGCAGTAATTTATCTATTTGTAATAACATTCGCGACATTAATGATAATCACCTCATT 
                                                                             
RpoBCaLas       -----------------------------TTCTATTACTG-------------------- 
Wolbachia       GAATTTGCGTATAAGTTGCGTAATGGCATTCCTGTTACTGCACCTGTATTTGAAGGTCCA 
                                             * ** ******                     
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       AAAGATGAACAAATAGTAAAGCTATTTGAACTTGCTGGATTGGATAACTCTGGGCAAGTT 
                                                                             
RpoBCaLas       ------------------------GAGAAGATT-------------CGGTTGCTT----- 
Wolbachia       GTATTATATGATGGTTGCTCGGGTGAGAAGTTTGATCGCAAAGTTACAGTTGGTTACATG 
                                        ****** **             * **** **      
RpoBCaLas       ------------TGGCATCACGT------------------------------------- 
Wolbachia       TACATGCTTAAGTTGCATCACTTAGTAGATGGTAAAATTCATGCGCGTTCAGTAGGTCCT 
                            * ******* *                                      
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       TATAGTTTGGTTACTCAACAACCTCTTGGAGGAAAGTCTCATTTTGGTGGTCAGCGTTTT 
                                                                             
RpoBCaLas       ---------------------------------------------ATTTTACAAGA---- 
Wolbachia       GGTGAAATGGAATGTTGGGCATTGCAAGCCTATGGTGCTGCTTACACTTTGCAGGAAATG 
                                                             * *** ** **     
RpoBCaLas       TCAATTGGG---------GATGTTTAT--------------------------------- 
Wolbachia       TTAACTGTGAAGTCTGATGATATTAATGGAAGGGTTAAGATTTATGAATCGGTAATAAAA 
                * ** ** *         *** ** **                                  
RpoBCaLas       --------TAATTTTGAA------------GAACCC------------------------ 
Wolbachia       GGTGACAGTAACTTTGAATGTGGAATTCCTGAATCCTTTAATGTCATGATAAAAGAGTTG 
                        *** ******            *** **                         
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       CGTTCCTTGTGTTTTAATGTGGATTTGAAGCAAAATGACATAGTAATTGAAGATATATCT 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
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Wolbachia       CATACTAACATAGCGCAATCTTTTAATGAGGTTAGAATTTCCATTGCTAGCCCTGAAAGT 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       ATTAAACGTATGTCTTATGGAGAGATAACGGATGTTTCAACTGCAAACTACCGTACATTC 
                                                                             
RpoBCaLas       -------AAAAAGG---------------------------------------------- 
Wolbachia       AAAGTTGAGAAAGGTGGATTATTTTGTCCTAAAGTTTTTGGTCCTGTCAATGATGATGAA 
                       * *****                                               
RpoBCaLas       ------------AAGT-----AAAAGAAGACAT--------------------------- 
Wolbachia       TGTTTATGTGGAAAGTACAAAAAAAGAAGACATAGGGGCCGTATATGCGAAAAATGTGGA 
                            ****     ************                            
RpoBCaLas       ----------------------------------AAATG--------------------- 
Wolbachia       GTAGAAGTTACATCTTCTAAAGTAAGAAGAGAAAAAATGGGTCATATAGAGCTTGCATCT 
                                                  *****                      
RpoBCaLas       ----------------------TTAAGTCTCTTCCTTT---------------------- 
Wolbachia       CCTGTTGCTCATATATGGTTTTTGAAGTCACTTCCTTCAAGAATTGGAGCATTATTAGAT 
                                      * ***** *******                        
RpoBCaLas       --------------------------------------TAATCCTG-------------- 
Wolbachia       ATGTCTCTTAGAGATATCGAAAGTATTTTATATAGTGATAATTATGTTGTAATAGATCCT 
                                                      ****  **               
RpoBCaLas       --------CTCTTTTGAAAAAAGT------------------------------------ 
Wolbachia       CTTGTTTCCTCTTTTGAAAAAGGTGAAATTATTAGTGAGAAAGCTTATAATGAAGCTAAA 
                        ************* **                                     
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GATAGCTATGGAGTCGATAGCTTTATAGCTATGCAAGGTGTTGAAGCTATAAGAGAATTG 
                                                                             
RpoBCaLas       ----------------------------TGAAGAAT------------------------ 
Wolbachia       CTAACACACCTTGATTTACATGAAATTAGGAAGAATTTAAGACAGGAGTTAGAGTCTGTT 
                                             *******                         
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GCTTCTGAAATGAGAAGAAAGAAAATTATAAAGAGATTACGTATTGTTGAAAATTTTATC 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       AAGTCTGGAAACAGACCTGAGTGGATGATACTTACAGCTATACCTATTTTACCACCTGAC 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       TTGCGTCCCTTGGTATCGCTTGAAAGTGGTCGACCTGCAGTTTCTGATTTAAATCATCAT 
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RpoBCaLas       --TAGAACT--------------------------------------------------- 
Wolbachia       TATAGAACTATTATTAATAGAAATAATAGATTGAGAAAATTGTTAAGTTTAAATCCTCCT 
                  *******                                                    
RpoBCaLas       -----------------------------------------------TTCTGTT------ 
Wolbachia       GAGATTATGATTCGTAATGAGAAAAGAATGTTACAAGAGGCAGTTGATTCTCTTTTTGAT 
                                                               **** **       
RpoBCaLas       ---------------------------------------------------AGGTCTACT 
Wolbachia       AATAGTCGTCGTAATGCTCTGGTAAATAAACCTGGCGCTACTGGATATAAAAAGTCTATT 
                                                                   * ***** * 
RpoBCaLas       AAC--------------------------------------------------------- 
Wolbachia       AGCGATATGCTGAAAGGAAAGCAAGGTCGTTTCCGTCAGAATCTTTTAGGAAAAAGGGTA 
                * *                                                          
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GATTACTCTGGACGTTCTGTAATAGTTGTTGGTCCAACTTTGAAACTAAATCAGTGTGGA 
                                                                             
RpoBCaLas       --------------------------------------TGTTT----------------- 
Wolbachia       TTACCGAAAAGAATGGCTCTTGAGTTATTCAAACCTTTTGTTTACTCAAGGCTTAAAATA 
                                                      *****                  
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       TATGGAATGGCTCCAACTATAAAATTTGCTAGTAAGTTAATAAGAGCAGAAAAGCCAGAA 
                                                                             
RpoBCaLas       ----------------AAGAGGTGAGAATA------------------------------ 
Wolbachia       GTCTGGGATATGCTTGAAGAAGTAATAAAAGAGCATCCTGTTTTGCTAAATAGAGCGCCT 
                                **** ** * ** *                               
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       ACGCTACACAGGCTTGGTATTCAGGCTTTTGAGCCAGTCCTTATTGAAGGTAAAGCAATA 
                                                                             
RpoBCaLas       -------------TTGTTTATATGG----------------------------------- 
Wolbachia       CAGCTTCATCCACTTGTTTGTACAGCATTTAATGCTGACTTTGATGGTGATCAAATGGCA 
                             ****** **  *                                    
RpoBCaLas       ----------------------------------------GAGATTTGAT---------- 
Wolbachia       GTACATGTGCCAATTTCATTGGAAGCTCAACTTGAAGCTAGAGTATTGATGATGTCAATT 
                                                        ***  *****           
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       AATAACGTTTTAAGTCCTTCTAATGGAAGACCGATTATAGTTCCTAGTAAAGATATAGTG 
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RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       CTTGGTATATACTACCTAACTTTACAGCAACTTAAGGAGGATGATTTACCACTTTTTTGT 
                                                                             
RpoBCaLas       ------------------------TCAAAGAACCGAAGCCGACATGTT------------ 
Wolbachia       GCTTTTTGTGAAGTTGAGCATTCCTTAAATAACGGTAGTCTACATATTCATTCTCATATA 
                                        * *** *** * ** * **** **             
RpoBCaLas       -------------------------GCG-------------------------------- 
Wolbachia       AAGTACAAAATGGAATACATCAATAGCGATGGAAACATTCAGTATAAAACTATTTTTACA 
                                         ***                                 
RpoBCaLas       -------------------TATGGCCAATTTT---------------------------- 
Wolbachia       ACTCCTGGACGTTTAATATTATGGCAGATTTTTCCTAAACATGAGAATCTAAGTTTCGAT 
                                   ******  *****                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       TTAATAAATCAGGTATTAACAGTTAAGGAAATAACTAGTATAGTTGATTTAGTATATCGT 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       AGCTGCGGTCAAAGTGCTACAGTGGTATTTTCTGATAAATTGATGACACTTGGCTTTGAG 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       TATGCTACATTTTCTGGTACTTCTTTTAGTCGTTGCGATATGGTCATACCTGAAACTAAA 
                                                                             
RpoBCaLas       --------------------------------------------------------GGAC 
Wolbachia       GCTACACACGTTGATTATACAAGGGGTGAAATTAAGAAATTCTCTGCACAGTATCAAGAC 
                                                                         *** 
RpoBCaLas       G----------------------------------------------------------- 
Wolbachia       GGGCTAATCACTAAAAGTGAGAGGTATAATAAAGTTATAGATGAGTGGTCTAAGTGCACA 
                *                                                            
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GATATAATAGCGAATGATATGTTAAAAGCGATATCTGTGTATGATGAAAATAGTAAGTAC 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       AACTCAGTGTATATGATGGTTAGCTCCGGTGCAAGAGGTTCTACTTCCCAGATGAAGCAG 
                                                                             
RpoBCaLas       --------------------------TAAATCTCTTGTCGAAATTAAAG----------- 
Wolbachia       TTAGCAGGAATGCGAGGGTTAATGACCAAACCTTCTGGTGAAATTATAGAAACACCTATA 
                                           *** **  **  ******* **            
RpoBCaLas       ------------------------------------------------------------ 
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Wolbachia       ATTTCTAATTTTCGCGAAGGATTGAATGTATTTGAATACTTTAATTCTACTCACGGGGCG 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       CGTAAAGGTTTAGCTGATACTGCACTTAAAACTGCAAACTCTGGATACTTAACTCGTCGC 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       TTGGTTGATGTATCTCAAAATTGCATAGTTACAAAACATGACTGTAAAACGAAAAATGGC 
                                                                             
RpoBCaLas       --------------------------------------------------GAGTGTT--- 
Wolbachia       CTTATTGTAAGAGCTATAGTTGAAGGGAGTACTATAGTTGCATCTCTAGAGAGTGTTGTA 
                                                                  *******    
RpoBCaLas       -----------------------------------AGGAACTATGGGATTATT------- 
Wolbachia       CTAGGTAGAACAGCTGCAAATGATATATATAACCCAGTAACCAAAGAGTTATTATTAAAA 
                                                   ** *** *  *  *****        
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GCAGGGGAATTAATTGATGAAGATAAAGTAAAGCAAATCAACATTGCAGGTCTTGATGCT 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       ATAAAAATTAGATCGCCTTTAACTTGTGAAATAAGTCCTGGTGTGTGTTCTTTGTGTTAT 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GGAAGAGACCTTGCAACTGGTAAAATTGTTTCAATAGGTGAAGCAGTTGGTGTTATCGCT 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GCTCAATCTGTTGGAGAGCCAGGTACTCAGTTAACGATGCGTACTTTCCATATAGGTGGA 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GTAATGACTAGAAGTGTTGAATCCTCAAATATTATAGCTTCTATTAATGCTAGAATAAAA 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       TTAAACAACAGTAATATAATTATAGATAAAAACGGAAATAAAATTGTGATAAGCCGTTCC 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       TGTGAAGTCGTCTTAATTGATAGCCTTGGTAGTGAAAAATTGAAGCACAGTGTACCTTAT 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GGTGCTAAACTTTATGTAAATGAGGGTGAGTTAGTAAAAATTGGTGATAAAGTTGCGGAA 
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RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       TGGGATCCGTATACACTACCTATTATTACGGAAAAGAGTGGTACAATATCTTACCAGGAT 
                                                                             
RpoBCaLas       -------------TCTCG--------------GCATGAATTTGCCGGA------------ 
Wolbachia       TTAAAAGATGGAATCTCGATCACTGAAGTGATGGATGAATCTACAGGAATATCAAATAGA 
                             *****              * ****** * * ***             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GTAGTAAAAGATTGGAAATTGCACTCTGGTGTAGCTAATTTACGTCCTCGTATTGCACTG 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       CTTGATGATAATGAAAAAGTAATAACACTTGCAAGTGGTGTGGAAGCATGTTACTTTATA 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       CCAGTTGGCGCAGTACTCAATGTACAGGATGGCCAAAAGGTTCATGCAGGTGATGTTATC 
                                                                             
RpoBCaLas       -----------------------------------------------CTGGCCT------ 
Wolbachia       ACAAGAACGCCGAGAGAGTCAGTTAGAACTCGTGATATTACTGGTGGCTTGCCTAAGGTT 
                                                               ** ****       
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       ATAGAATTATTTGAAGCACGTCGTCCTAAAGAGCATGCTATCGTTAGTGAAATAGACGGC 
                                                                             
RpoBCaLas       ------------------------------------------------------CCTG-- 
Wolbachia       TATGTAACGTTCTCTGAAAAAGACCGTAGAGGAAAACGCAGTATAGCAATTAAACCTGTA 
                                                                      ****   
RpoBCaLas       -------------------------------------AAAGTA----------------- 
Wolbachia       GATGAGCAAGCTTCTCCAGTTGAGTATTTAGTATCAAGAAGTAAGCATGTAATAGTCAAT 
                                                      *****                  
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GAAGGTGATTTTGTGCGTAAAGGTGATTTATTGATGGATGGCGATCCTGATCTTCATGAT 
                                                                             
RpoBCaLas       -------------------TAGAAGAGTTAGC---------------------------- 
Wolbachia       ATTCTACGTGTGCTTGGGTTAGAAGCGTTAGCACACTATATGATTTCTGAAATACAGCAA 
                                   ****** ******                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GTTTATAGATTGCAAGGTGTGCGCATAGATAACAAGCATTTAGAAGTGATCTTAAAGCAA 
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RpoBCaLas       ----------------------------------------------------GAAAAAAT 
Wolbachia       ATGCTACAAAAAGTAGAAATTACCGATCCTGGTGATACTACGTACTTAATTGGAGAAAAT 
                                                                    ** ***** 
RpoBCaLas       AT---------------------------------------------------------- 
Wolbachia       ATCGACAAGCTGGAAGTTGATAGAGAAAATGATGCTATGAATAACTCTGGAAAACGACCT 
                **                                                           
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GCTTATTATCTTCCTATTCTGCAGGGAATTACTAGAGCAAGCCTTGAAACTAATTCCTTC 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       ATTTCTGCTGCCTCTTTCCAAGAAACAACAAAAGTACTTACAGAAGCAGCATTCTGCGGA 
                                                                             
RpoBCaLas       -------------------------------------------GAAGA------------ 
Wolbachia       AAGAGTGATCCTTTGAGTGGGTTAAAAGAAAATGTTATAGTAGGAAGATTAATTCCTGCT 
                                                           *****             
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       GGTACGGGTCTGATTATGAATAAGGTGAAAGCACTTTCGCTTTGTGAAAATATAGATAAA 
                                                                             
RpoBCaLas       -------------------------------------------TAAGTGCTAA------- 
Wolbachia       TATGAAAAATATTTTGATATTGAGACTTATGACGAAAAATTGCTGAGTGATAATAGTTAT 
                                                           * **** ***        
RpoBCaLas       ------------------------------------------------------------ 
Wolbachia       CAATTACATTCTGATGAAGAAGAGAGTGTGGTGGCATCGCACTATGATCATTCAAATTGA 
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RpoBCaLas       ATGA--------------------------------TCCAAAAAA--------------- 
Carsonella      ATGATAAATTATTTAAAATTTAATAGATTTTGTTTTTCTAAAAAAAAATTTTTTCATAAA 
                ****                                ** ******                
RpoBCaLas       ------------------------------------------------------------ 
Carsonella      TGTAATTTACCATATTTATTACACAATCAAATCGGATCTTATAATAGTTTTTTGTCATCT 
                                                                             
RpoBCaLas       ------------------------------------------------------ATTGGC 
Carsonella      AAATATAATTCCTTATTTTCAATTAAAAAAGTACTTAAGCAATATTTTCCACTTATTTGT 
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                                                                      *** *  
RpoBCaLas       AA----------------------------------GAGTTGATTAAGCCGAATAATATT 
Carsonella      AACAATAAAAATATTTTTATAAAACTTAAAAAAATTGAATTATTAGAACCATGTAATACT 
                **                                  ** **  *  * **   ***** * 
RpoBCaLas       GAA----------------------------TATATAGTCCTT----------------- 
Carsonella      GAAAAATATACTAAAATTAGAAATTTACATTTATTTAGTACTTTGTACATGTATATAAGT 
                ***                            *** **** ***                  
RpoBCaLas       ------------------------------------------------------------ 
Carsonella      ATATACGTAATAAATAAAAATTTAAATGTTTATAAAAAAATATTTCTAGGTAATATTCCT 
                                                                             
RpoBCaLas       ----GGACAAGAAGAAGAAAATAGGACTTTGATG--ATAG-CAGAACCTC--TTCCCCG- 
Carsonella      AGTATGACAAAAAAAGGAAATTTTATTATTAATGGAATAGACAGAATCTTAATTTCTCAA 
                     ***** ** * **** *      ** ***  **** ***** **   ** * *   
RpoBCaLas       ------------------------------------------------------------ 
Carsonella      TTTACAAAATCTTATGGAATATATTTTTATACCGAAAAAAAAAAAAAAAAATGTATAATT 
                                                                             
RpoBCaLas       ------------------TGGTT-----------TCGCTCATACTCTT------------ 
Carsonella      ATACCTTTAAAAGGTAGTTGGTTAGAATTTATTATAACTAATAATTTTTTAATAGTATTT 
                                  *****           *  ** *** * **             
RpoBCaLas       -----GGGAATGCACTTCG----TCGTGTGTT---------------------------- 
Carsonella      GATAAAAAAATAAATTTTGAAATTAATGTATTTTTAATTTGTTTAGGATACAATAAAAAA 
                        ***  * ** *    *  *** **                             
RpoBCaLas       ------------------------------------------------------------ 
Carsonella      TATTTTTTTAATTTTTTTTTTTTTAAGATAAAAATAAAAATAATAAGAGGAAAAAAAAGA 
                                                                             
RpoBCaLas       -------------------------AATGTCTTCG---------------------TTGC 
Carsonella      ATTTTTTTCTTATTAAATAAAAAAAAATATTTTTATAAAATTTATAATAAATATATTTGC 
                                         *** * **                       **** 
RpoBCaLas       G-TGGTGCT-------------------------GCAATAACTGCTGTTCAAA------- 
Carsonella      ATTAGTATTAAAAAAATTTTAGGAAAATTATTTGGTAAAAATTATTTTTTAAAAAAAAAT 
                  * **  *                         * ** ** *  * ** ***        
RpoBCaLas       ------------------------------------------------------------ 
Carsonella      ACTTTTTTAAAATTTAATATAATTGATATTAATAAAGTTAATTTGATTTTAAATTATCCT 
                                                                             
RpoBCaLas       ---------------------------------------------------TTGAT---- 
Carsonella      ATTTATTTTTTTTTTATTATTTTTTTAAAAAAAATAATAAATTTAAATTATTTGATATAC 
                                                                   *****     
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RpoBCaLas       -------------------------------------------------------GGTGT 
Carsonella      ATATATAAAAATTTTAAATTAAAAATAAATAAAGAATTATTACAATATAAAAAAGGATAT 
                                                                       * * * 
RpoBCaLas       ATTGCA---------TGAGATTTCTTCTATCAAAGGA---------GTGCAC-------- 
Carsonella      ATTATAAATTTTTTTAGAAATTTATTTTATAAAAAAAAATATTTTTATTCACTAATAGGA 
                ***  *          ** **** ** *** ***  *          * ***         
RpoBCaLas       -------GAAGATCTGACGGAT-------------------------------------- 
Carsonella      GCAAAGAGAATATTTAAAAGATTATTTCTAAAAAAAAATAATAAATTAACTATTTATTTA 
                       *** ** * *  ***                                       
RpoBCaLas       -------------------------------------------------ATTATTCTGAA 
Carsonella      GAAATAATTAAAAAAATTTTAAAATTTATAAAATTTAATATTCAAAACGATAATTTTGAT 
                                                                 ** *** ***  
RpoBCaLas       TATCAAG----------GGTATTAACCT---GAAAAT-------------GTCTGGTGAT 
Carsonella      AATTTAGAAAATAAATTAATATTAAATTGTGGAAAATTATTATCTATAAAATTTGATTTT 
                 **  **            ******  *   ******              * ** *  * 
RpoBCaLas       TCGCATAAGCGGGTAACT-------------------------ATCTTCAAGCGT----G 
Carsonella      TTATTTAAAAAAGTAATTAAATTTATTAATTATAAAATGAATAATTTTAAAAAGTATAAA 
                *    ***    **** *                         ** ** **  **      
RpoBCaLas       GGCCTGGA-GTTGTTACTGCAGGTGATATACAGACTG------------------TTAAT 
Carsonella      GATTTAGATTTTATTGTTAATAGTGATATAATTACTATAGGTTTAAAAGATTATTTTTGT 
                *   * **  ** **  *    ********   ***                   **  * 
RpoBCaLas       GATATTGAGGTGCTTAA---TCCAGATC-------------------------------- 
Carsonella      AATAATGAATTATCTCAATTTTTAGATCAAAACAATCCTCTTGCTGAAATATCTCATAAT 
                 *** ***  *   * *   *  *****                                 
RpoBCaLas       ------ATGTTATTTGTAATCTTGA--------------------TGTAGATGCGGT--- 
Carsonella      AGAAAAATTTCATTAATAAGCGGAATCGGAATAGAAAAAGAAAATTGTGGATTTGATATT 
                      ** * ***  *** *   *                    *** ***  * *    
RpoBCaLas       -----------------------------GGTTCG------------------------- 
Carsonella      AGAGATATTCATTATTCTCATTATTGTAAAGTTTGTCCAATTGATACTCCAGAAGGACAC 
                                              *** *                          
RpoBCaLas       --TATGGAACTCACGGTTTCT---------------------AAGGGACATGGTTATGTC 
Carsonella      AATATTGGATTAATAAATTCTTTAGCTTACTTATCTAAAGTAAATAAATATAATTTTATA 
                  *** * * * *    ****                     **   * **  ** * *  
RpoBCaLas       CCCGC------TAAACATCA-----TAGGA--------CGGAAAA------TGATCCAAT 
Carsonella      TCTACTATTTATAAATATCAATTTTTAGGAAAAATTCTTGGAATAACTTTTTTAGATAAT 
                 *  *      **** ****     *****         **** *      * *   *** 
RpoBCaLas       TGGTTTGAT-----------------------------TACGATTGATGCTTTATAT--- 
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Carsonella      AAATTTGATAAACACAAATTTATTGTAAATTTTAATTCTACAATTGAAACTATATATGGT 
                   ******                             *** *****  ** *****    
RpoBCaLas       ------------TCTCC-------------------------------TATCAAAAAGGT 
Carsonella      GAAATATTTAGATCTCCATACTTTGAAGCAAGAAAAACTAATTATTATTATTATAAAAAA 
                            *****                               *** * ***    
RpoBCaLas       TTCTTATACG------------------GTGGAAA-----------------GTGC---- 
Carsonella      TTTTTAAATATTGATTTAATTGAGATTTGTGGAGATCAGATTATTTCTGTTGGTGCGTCT 
                ** *** *                    ***** *                 ****     
RpoBCaLas       -------------------------------------GCGTGAAGGG------------- 
Carsonella      TTGATTCCTTTTTTATCGCATAATGATGCGAATAGATGCTTAATGGGAAGCAATATGCAA 
                                                     ** * * ***              
RpoBCaLas       -------------------CAGGTTCT--------------------------------- 
Carsonella      AGACAAGCTGTACCTTTAATAGATTCTGAAAATCCAATTGTTGGAACTGGAAATGAATTA 
                                    ** ****                                  
RpoBCaLas       --------------------------------------------TGATTAT--------- 
Carsonella      GAAATAGGTCTAAATTCAAACTATAATATATTGTCTGATTTAAATGGTTATGTTTTATAT 
                                                            ** ****          
RpoBCaLas       ---GATAAATTGAGTATGACGATTGATACTGATGGTTCTAT------------------- 
Carsonella      TCAGATAATTATAAAATAATTATTAAAAATAATAATTTTATAAAAACATATTTTTTAGAA 
                   ***** *  *  ** *  *** * * * **  ** ***                    
RpoBCaLas       -----TACTGGA------------------------------------------------ 
Carsonella      AAATATACTAGAACAAATCAAAATACAATATTAAATCAATATACTAAAGTATTAAAAGGT 
                     **** **                                                 
RpoBCaLas       ------------------------------------------------------------ 
Carsonella      GATTTTGTTAAAGTTGGTAATATAATTGCAGATTCAAATTCTACTAAAAATGGAGAAATA 
                                                                             
RpoBCaLas       ------------------------------------------------------GAAGAT 
Carsonella      AGTTTAGGAAAAAATTTAAGAGTAGCATTTATGAGTTGGTATGGATATAATTTTGAAGAT 
                                                                      ****** 
RpoBCaLas       TCGGTTGCTTTGGCA-----------------------------------TCACGTAT-- 
Carsonella      TCAATTTTATTATCGAGTTCAATTTTAAATAAAAATAATTTTAATTCTATTCATATATAC 
                **  **   **  *                                    ***  ***   
RpoBCaLas       ---TTTAC--------------------AAGATCAATTGGGGATGTTTATTAA------T 
Carsonella      GAATTTATAACTGTCTTAAAGTATAACGAAAATGGTTTTGAAATAGTTTCTAATGAATGT 
                   ****                     ** **   ** *  **  **  ***      * 
RpoBCaLas       TTT---------GAAGAACCCAAAAAGGAAGTAAA------------------------- 
Carsonella      TTTGGTTCAAACGAAAAAATAAAAAATAAAGTAAAAAACGGAATTATAAAAATTGGTGAA 
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                ***         *** **   *****  *******                          
RpoBCaLas       -----------AGAAGACATAAATGTT---------------------------AAGTCT 
Carsonella      TTTGTTTTTTCAAAAGATGTAATTGTTGGAAAAATGATACCAAAAAAAAAAAGAAAGTTT 
                           * ****  *** ****                           **** * 
RpoBCaLas       CTTCC---------------------------------------TTTTAATC-------- 
Carsonella      TCTCCCGAAGAAAAATTATTTAAAATAGTGTTCTCAGAAAGTAATTTTAATTATTATGAA 
                  ***                                       *******          
RpoBCaLas       ------------------------------------------------------------ 
Carsonella      CAACCATTAACAGTTCCTAAAAATATTAAAGGAACAATAATTGCAGTTAACGATTTTAAA 
                                                                             
RpoBCaLas       ------------------------------------------------------------ 
Carsonella      ATATTTTATTTTAAAAATAAAATATTTAAATTGTTAAAGTTCGAACAACTTAATTATACT 
                                                                             
RpoBCaLas       -----------------CTGCTCTTTTGAAA--------------------AAAGTTGAA 
Carsonella      TGTAAAAACATAAATAACTTTTTTTATGAAACTTTTAATTATTATTTAACTAAAATTAAA 
                                 **  * ** *****                    *** ** ** 
RpoBCaLas       GAATTAGAACTTTCT---------------------------GTTAGGTCT--------- 
Carsonella      AAATTACTATTTAATAATAAGATAACGATTAAAAAAAAAAGAATTAATTCTTATAATATA 
                 *****  * **  *                            ***  ***          
RpoBCaLas       ---------------------ACTAACTGT------------------------------ 
Carsonella      AATATTAACAATATATTCAAAATTAAATGTTTTAATAAAAAAATTAATTTTAAATTAAAT 
                                     * *** ***                               
RpoBCaLas       ------------------------------TTAAGAGGTGAGAATA---TTGTTTATA-- 
Carsonella      ATATTCAAAAACATAATTTCAAATGAATTATTAAAAAAAAAAAATATATTTGTTTATAAA 
                                              **** *    * ****   *********   
RpoBCaLas       ----------------------------TGGGAGAT------------------------ 
Carsonella      AAAATAAATTTTATTAAACACGATGATTTTGAAAATTCAATAATAAGAATTATAAAAATT 
                                            * * * **                         
RpoBCaLas       ----TTGATTCAAAGAACCGAA------------------------GCCGACATG----- 
Carsonella      AAAATTGCTGTAAAAAAACAAATTGCAATAGGTGATAAAATGTCTGGTGGACATGGAAAT 
                    *** *  *** ** * **                        *  ******      
RpoBCaLas       ----------------------TTGCGTATG--------------GCCAATTTTGGACGT 
Carsonella      AAAGGAGTTGTTTCAAACATTATTGATTATGAAAATATGCCATACGATAAATTTGGAAAT 
                                      ***  ****              *  ** ******  * 
RpoBCaLas       AAA--------------------------------------------------------- 
Carsonella      AAAATTGACTTAATTTTAAATCCTCTTGGTGTTCCTTCTAGAATGAATGTAGGACAATTA 
                ***                                                          
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RpoBCaLas       ------------------------------------------TCTCTTGTCGAAATTAAA 
Carsonella      TTAGAAGTTTTTTTAGCTGGATCTTTAAATTTAATTAAATCTTTTTTTTTAAAAATTAAA 
                                                          * * ** *  ******** 
RpoBCaLas       GG---------------------------------------------------------- 
Carsonella      AACTTAAACAAAATTTCTTATTTCAAAATGAAATTATTTATAAAAATTATTTTTAAGTGT 
                                                                             
RpoBCaLas       --------------------------------------------AGTGTTAGGAACT--- 
Carsonella      ATATATGATAAAAATATTAATTTAAATATATTTAATAATTCTTTAGTATTAAAAATTTTT 
                                                            *** ***  ** *    
RpoBCaLas       ------------------------------------------------------------ 
Carsonella      AAAAATATTAAAAATCAATTAAATGTATGCGTTCATAATTTTTATAATTTTAATGTTAAT 
                                                                             
RpoBCaLas       ------------------------ATGGG------------------------ATTATTT 
Carsonella      AAAGTTAATAACATAATTAAGACAATAGGAATAAATAAAAATTGTGAATTATTATTATTT 
                                        ** **                        ******* 
RpoBCaLas       CTCGGCATGA------------ATTTGC-------------------------------- 
Carsonella      GATGGAATTACAGGAAAAAGATATTTGCAATTGGTAAATGTTGGATATATATATTTTATG 
                   ** ** *            ******                                 
RpoBCaLas       ------------------------------------------------------------ 
Carsonella      AAATTAAACCATTTAGTAATTGATAAAATTTATTCAAGATCTATAGGTCCGTATTCTATA 
                                                                             
RpoBCaLas       ----CGGACTGGCCTCC-----------------------------------------TG 
Carsonella      GTTACACAACAGCCTTTAGGCGGAAAATCAAATCTTGGAGGACAACGATTAGGAGAAATG 
                    *  *   ****                                           ** 
RpoBCaLas       AAAGT-------------------------------------ATAGAAGAGTTAGCGA-- 
Carsonella      GAAGTTTGGGCTTTAGAAGCATATGGTGCCGCATTTTTGTTAAAAGAAATGTTAACGATT 
                 ****                                     * ****  **** ***   
RpoBCaLas       ------------------------------------AAAAATATGAAGATAAG------- 
Carsonella      AAATCAGATGATATACTTGGTAGAATAGAGTTATACAAAAATATAATTAAAGGAATTAAT 
                                                    ******** *  * * *        
RpoBCaLas       --TGCTAA---------------------------------------------------- 
Carsonella      GATGCTAATTCTGGAATTCCAGAATCATTTCAAGTTTTAATGAAAGAAGTACAATCTTTA 
                  ******                                                     
RpoBCaLas       ------------------------ 
Carsonella      TGTTTTGATATTAAAATTTTATGA 
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RpoBCaLas       A--TGATCCAA-----AAAAATTGGCAAGAGTTGATTAAGCCGAATAATATTGAATATAT 
Profftela       ACTTTATCTAATAGTGACATATTATCTG----TTATTAA----AATATTAGTAGGTTTAC 
                *  * *** **     * * ***  *      * *****    **** ** *   * **  
RpoBCaLas       AGTCCTTGGACAAGAAGAAGAAAATAGGACTTTGATGATAGCAGAACCTCTTCCCCGTGG 
Profftela       G--TAATGGGCATGGGGAAA-----------TTGATGATA-------------------- 
                      *** ** *  ***            *********                     
RpoBCaLas       TTTCGCTCATACTCTTGGGAATGCACTTCGTCGTGTGTTAATGTCTTCGTTGCGTGGTGC 
Profftela       --TTGATCA---TTTAGGTAA------TCGTCGTG---------------TACGTTGTGT 
                  * * ***   * * ** **      ********               * *** ***  
RpoBCaLas       TGCAATAACTGCTGTTCAAATTGATGGTGTATTGCATGAGATTTCTTCTATCAAAGGAGT 
Profftela       TGGA-------------GAATTAGTGGAAAATCAATTTAGATCTGGTTTATTAA--GAGT 
                ** *              ****  ***   **    * **** *  * *** **  **** 
RpoBCaLas       -GCACGAAGATCTGACGGATATTATTCTGAAT-----ATCAAGGGTATTAACCTGAAAAT 
Profftela       AGAACGAGCAGTTAAAGAACGATTAGCTCAATCAGAAATTGAAAATTT---------AAT 
                 * ****  *  * * * *   *   ** ***     **  *   * *         *** 
RpoBCaLas       GTCTGGTGATTCGCATAAGCGGGTAACTATCTTCAAGCGTGGGCCTGGAGTTGTT----- 
Profftela       GCCACATGATTTAATTAATTCTA-AACCAATTTCATCTGTTATTCGTGAATTTTTTGGAA 
                * *   *****    ***      *** *  ****   **    *  ** ** **      
RpoBCaLas       -ACTGCAGGT-----GATATACAGACT--GTTAATGATATTGAGGTGCTTAATCCAGATC 
Profftela       CATCACAGTTATCTCAATTTATGGATCAAACTAATGCTCTTTCAGAAATTACACATAAAC 
                 *   *** *      ** **  **      ***** * **   *   ***  *   * * 
RpoBCaLas       ATGTTATTTGTAATCTTGATGTAGATGCGGTGGTTCGTATGGAACTCACGGTTTCTAAGG 
Profftela       GTCGTATATCAGCTTTAGGCCCTGGAGGATTAACTCGT---GAACGTGCTGGTTTTGAGG 
                 *  *** *    * * *     *  *   *   ****   ****   * * ** * *** 
RpoBCaLas       GACATGGTTATGTCCCCGCTAAACATCATAG------------------GACGGAAAATG 
Profftela       TACGTG---ATGTGCACCCAACCCATTATGGTCGAGTTTGTCCAATTGAAACACCAGAAG 
                 ** **   **** * * * *  *** ** *                   **   * * * 
RpoBCaLas       ATCCA---ATTGGTTTGATTACGATTGATGCTTTATATTCTCCT----ATCAAAAAGGTT 
Profftela       GACCAAATATCGGTTTAATTAATTCTCTTGCATTATATGCGCGCTTAAATAAATATGGTT 
                  ***   ** ***** ****    *  *** ****** * *      ** ** * **** 
RpoBCaLas       TCTT---------ATACGGTGGAAAGTGCGCGTGAAGGGCAGGTTCTTGATTATGATAAA 
Profftela       TCCTTGAAACTCCTTATCGTAGAA----------------------TTGAAAATAATAGA 
                ** *          **  ** ***                      ****  ** *** * 
RpoBCaLas       TTGAGTATGACGATTGATACTGATGG---TTCTATTACTGGAGAAG------ATTCGGTT 
Profftela       ------ATTACTAATCATGTTGATTATCTTTCTGCAATTGAGGAAGGGGACTATGTTATT 
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                      ** ** * * **  ****     ****   * **  ****      **    ** 
RpoBCaLas       GCTTTGGCATCACGTATTTTACAAGATCAATTGGGGATGTTTATTAATTTTGAAGAACCC 
Profftela       GCTCAGGCAAATACTACTT-------TCGATAGTTATGGTTTATTAA--TTGATGAATT- 
                ***  ****     ** **       ** ** *     *********  **** ***    
RpoBCaLas       AAAAAGGAAGTAAAAGAAGACATAAATGTTAAGTCTCTTCCTTTTAATCCTGCTCTTTTG 
Profftela       --------AGTATATGCTCGTGTAGCCGGTGAAACT----ATTTTA-----GTTTCTTCC 
                        **** * *      **   * * *  **     *****     * *  **   
RpoBCaLas       AAAAAAGTTGAAGAATTAGAACTTTCTGTTAGGTCTACTAACTGTTTAAGAGGTGAGAAT 
Profftela       GAAAGAGTACAATATGTAGATGTAGCTCCCGGG----CAAATTGTTTCTGTTGCGGCTTC 
                 *** ***  ** *  ****  *  **    **    * ** *****  *  * *      
RpoBCaLas       ATTGTTTATAT-----GGGAGATTTGATTCAAA--------GAACCGAAGCCGACATGTT 
Profftela       ATTGATTCCATTTTTAGAGCATGATGACGCAAATAGAGCGTTAATGGGAGCAAATAT--- 
                **** **  **     * *     ***  ****         **  * ***  * **    
RpoBCaLas       GCGTATGGCCAATTTTGGACGTAAATCTCTTGTCGAAA--TTAAAGGAGTGTTAGGAACT 
Profftela       --GCAAAGACAAGC---------AGTTCCTTGTTTAAGACCTCAAAAGGCATTAATTGGT 
                  * *  * ***           * *  *****  **    * **   *  ***     * 
RpoBCaLas       ATGGGATTAT------TTCTCGGCATGAATT-------TGCCGGACTGGCCTCCTGAAAG 
Profftela       ACAGGAATTGAACGTATTGTTGCCATTGATTCTGGTAATACTGTACAAGCATTACGAG-- 
                *  *** *        ** * * ***  ***       * * * **  ** *   **    
RpoBCaLas       TATAGAAGAGTTAGCGA----AAAAATATGAAGATA--AGTGC---TAA 
Profftela       -GCGGGGTAGTTAATTATGTTGATTCTATGAGAATAGTAGTTCGTGTAA 
                    *   *****   *     *   *****  ***  *** *   *** 
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RpoBCaLas           ATG---------------------------ATCCAAAA----------AAATTGGCAAGA 
Herbaspirillum      ATGCACTACTCATTTACTGAGAAGAAGCGCATTCGCAAATCCTTCGCGAAACGCGCAAAC 
                    ***                           ** *  **          ***   ****   
RpoBCaLas           GTT-----------------------------GATTAAGCCGAATAATATT--------- 
Herbaspirillum      GTCCACAACGTTCCGTTCCTGCTCGCGACTCAGATCGAGTCGTATCAGAATTTCCTGCAA 
                    **                              ***  ** ** ** * * *          
RpoBCaLas           ---GAATATATAGT---------------------------------------------- 
Herbaspirillum      CCCGAACGTGCAGCATCGGAGCGCAAGAACGAAGGCCTGCAATCGGCTTTCACCTCGATT 
                       ***  *  **                                                
RpoBCaLas           ------------------------------------------------------------ 
Herbaspirillum      TTCCCCATCGTGTCGCACAATGGTTTTGCGCGCCTCGAATTCCTGTCGTATGTGCTGGGC 
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RpoBCaLas           ------------------------------------------------------------ 
Herbaspirillum      GCTCCGCCGTTTGACGTCAAAGAGTGCCAACAACGTGGCCTGACCTTCGCGTCCCCGCTG 
                                                                                 
RpoBCaLas           ----------------------CCTTGGACAAGAAG---------------------AAG 
Herbaspirillum      CGCGCCAAGGTGCGCCTGGTGATCCTGGACAAGGAATCGCCCACCAAGCCGGTCGTCAAG 
                                           * ******** *                      *** 
RpoBCaLas           AAAAT--------AGGA--------------------CTTTGATGA-------------- 
Herbaspirillum      GAAATGAAGGAACAGGAAGTCTACATGGGCGAACTGCCCCTGATGACCACCACCGGTTCC 
                     ****        ****                    *  ******               
RpoBCaLas           ------------------------------------TAGCAGAACCTCTTCCC---CGTG 
Herbaspirillum      TTCGTCATCAACGGCACCGAGCGCGTGATCGTCTCCCAGCTGCACCGCTCCCCGGGCGTG 
                                                         *** * *** ** ***   **** 
RpoBCaLas           GTTTC------------------------------------GCTCATACTCTTGG----- 
Herbaspirillum      TTCTTCGAACACGACCGCGGCAAGACGCATTCGTCCGGCAAGCTGCTGTTCTCGGCCCGC 
                     * *                                     ***  *  *** **      
RpoBCaLas           ----------------------GAATGCACTTCG------------------TCGTGT-- 
Herbaspirillum      ATCATTCCTTACCGTGGCTCCTGGCTGGACTTCGAATTCGATCCGAAGGACATCCTGTTC 
                                          *  ** ******                  ** ***   
RpoBCaLas           ------------------------------------------------------------ 
Herbaspirillum      TTCCGCGTCGACCGCCGCCGCAAGATGCCGGTGACGATCCTGCTCAAGGCCATTGGCATG 
                                                                                 
RpoBCaLas           ------------------GTTAATGTCTTCGT---------------------------- 
Herbaspirillum      ACCTCCGAGCAGATCCTGGCGAACTTCTTCGTCTTCGACAACTTCAACCTGCACGCCGAA 
                                      *  **  *******                             
RpoBCaLas           -------------------------------TGCGTGGTG-------------------- 
Herbaspirillum      GGCGCGGACATGGAGTTCGTCTCCGAGCGCCTGCGCGGTGAAGTCGCACGTTTCGACATC 
                                                   **** ****                     
RpoBCaLas           ------------------------------------------------------------ 
Herbaspirillum      ACCGACAAGTCGGGCAAGGTGATGGTCGCCAAGGACAAGCGCATCAACGCTAAGCACGTG 
                                                                                 
RpoBCaLas           ---------------------------------------------------CTGC----- 
Herbaspirillum      CGTGACATCGAAGCCGCCGGCATCAAGCACATCTCCGTGCCTGAGGACTACCTGCTGGGC 
                                                                       ****      
RpoBCaLas           ------------------------------------------------------------ 
Herbaspirillum      CGCGTGCTGGCCAAGAACATCGTCGATCCGGAAACCGGTGAAGTCGTGGCCAGCGCCAAC 
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RpoBCaLas           -------------AATAACTGCTGTTCAAAT----------------------------- 
Herbaspirillum      GACGAGCTGACCGAAGAACTGCTGGCCAAGCTGCGCGAAGCCAACATCTCGGCCATCCAG 
                                 ** ********  ***                                
RpoBCaLas           ------------------------------------------------------------ 
Herbaspirillum      ACCCTGTACACCAACGACCTGGACCAGGGCGGCTACATCTCGCAGACCCTGCGCACCGAC 
                                                                                 
RpoBCaLas           ----------------------------TGATGGTGTATTGCATGA-------------- 
Herbaspirillum      GACACCGCCGACCAGACCGCTGCACGCGTGGCGATCTATCGCATGATGCGTCCTGGCGAA 
                                                **  * * *** ******               
RpoBCaLas           ------------------------------------GATTTCTTCTATCAAAGGAGTGCA 
Herbaspirillum      CCACCGACCGAAGAGTCCGTGGAAGCCCTGTTCAACGGCCTGTTCTA-CAGCGAAGACCG 
                                                        *   * ***** **  * **  *  
RpoBCaLas           CGAAGATCTGACGGATATTATTC---TGAATATCAAGGGT-------------------- 
Herbaspirillum      CTACGACCTGTCGGCCGTGGGCCGCATGAAGTTCAACCGTCGCGTCGGTCGCGATGAGCT 
                    * * ** *** ***   *    *   ****  ****  **                     
RpoBCaLas           ----------ATTAACCTG---------------------------AAAATGTCTGGTGA 
Herbaspirillum      GACCGGCACCATGACCCTGTCCAATGACGACATCCTGGCCGTCATCAAGATCCTGGTCGA 
                              ** * ****                           ** **    *  ** 
RpoBCaLas           TTCGCATAA-------------------------------GCGGGTAACTATCTTCAAGC 
Herbaspirillum      ACTGCGTAACGGCCGCGGCGAAGTCGATGACATCGACCACCTGGGTAACCGTC-----GC 
                       ** ***                                 *******  **     ** 
RpoBCaLas           GTG-----------------GGCCTGGAGTTGTTAC--TGCAGGTGATAT---------A 
Herbaspirillum      GTGCGTTGCGTGGGCGAACTGGCCGAGAACCAGTTCCGTGCAGGTCTCGTGCGCGTGGAG 
                    ***                 ****  **     * *  *******    *           
RpoBCaLas           CAGACTGTTAATG------------ATATTGAGGTG-----CTTAAT---------CCAG 
Herbaspirillum      CGCGCTGTCAAGGAACGCCTGGGCCAAGCCGAGGCGGACAACCTGATGCCGCACGACCTG 
                    *   **** ** *            *    **** *     * * **         ** * 
RpoBCaLas           ATCA-------------------TGTTATTTGTAA--TCTT------GATGTAGATGCGG 
Herbaspirillum      ATCAACTCCAAGCCGATCTCGGCCGCCATCCGTGAGTTCTTCGGTTCGTCGCAGTTGTCG 
                    ****                    *  **  ** *  ****      *  * ** **  * 
RpoBCaLas           TGGTTCGTA-------------------TGGAACTCACG------------GTTT---CT 
Herbaspirillum      CAGTTCATGGACCAGACCAACCCGCTGTCGGAAATCACGCACAAGCGCCGCGTTTCCGCT 
                      **** *                     **** *****            ****   ** 
RpoBCaLas           AAGGGACATGGTTATGT-CCCCGCTAA-------ACATCATAGGACGGAAAAT------G 
Herbaspirillum      CTGGGCCCTGGCGGTCTGACCCGCGAACGCGCCGGCTTCGAAGTGCGCGACGTGCACCCG 
                      *** * ***   * *  ***** **        * **  **  **  *  *      * 
RpoBCaLas           ATCCA-------------------------------------------ATTGGTTTGATT 
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Herbaspirillum      ACCCACTACGGCCGCGTCTGCCCGATCGAAACGCCTGAAGGCCCGAACATCGGCCTGATC 
                    * ***                                           ** **  ****  
RpoBCaLas           A--CGATTGATGCTTTATATTCTCCT---------------------------------- 
Herbaspirillum      AACTCGCTGGCGCTGTACGCCCGCCTGAACGAATACGGTTTCCTGGAAACCCCGTACCGC 
                    *      **  *** **    * ***                                   
RpoBCaLas           ------------------------------------------------ATCAAAAAGGTT 
Herbaspirillum      AAGGTCGAGGGCAGCAAGGTCACCAACCAGATCGACTACCTGTCGGCCATCGAAGAAGGT 
                                                                    *** ** * * * 
RpoBCaLas           TCTTATACGGT-------------------------------GGAAAGT----------- 
Herbaspirillum      CGTTACGTGATCGCCCAGGCGAACGCGACCATCGACGGCGAAGGCAAGCTGTCCGACGAA 
                      ***   * *                               ** ***             
RpoBCaLas           ---------GCGCGTGAA------------------------------------------ 
Herbaspirillum      CTGGTGTCGGCCCGTGAAGCCGGCGAAACCATCCTGGTCTCGCCGGAACGCGTGCAGTAC 
                             ** ******                                           
RpoBCaLas           ---------------GGGCAGG------------------------------TTCTTGAT 
Herbaspirillum      ATGGACGTGGCCCCGGGCCAGGTGGTGTCGGTGGCGGCCTCGCTGATTCCGTTCCTGGAG 
                                   ** ****                              * ** **  
RpoBCaLas           TATGATAA---------------------------------------------------- 
Herbaspirillum      CACGATGACGCGAACCGTGCACTGATGGGCGCCAACATGCAGCGCCAGGCCGTGCCCTGC 
                     * *** *                                                     
RpoBCaLas           ---------------------------------ATTGAGTATGACG-------------- 
Herbaspirillum      CTGCGTCCGGAAAAGCCGCTGGTCGGCACCGGCATCGAGCGTACCGTGGCAGTCGACTCC 
                                                     ** ***  *  **               
RpoBCaLas           ------------------------------------------ATTGATAC--------TG 
Herbaspirillum      GGTACCACCGTGCAAGCCCTGCGTGGCGGCGTGGTGGACTACGTCGATGCAGGCCGTGTG 
                                                               * *** *        ** 
RpoBCaLas           ATGGTTC-TATTACTGGAGAAGATTCG------------GTTGCTTTGGC---------- 
Herbaspirillum      GTGATCCGCGTCAACGACGACGAAGCGCAAGCTGGCGAAGTCGGTGTGGACATCTACAAC 
                     ** * *   * *  *  ** **  **            ** * * ***            
RpoBCaLas           ---ATCACGTA------TTTTA----------------------------------CAAG 
Herbaspirillum      CTGATCAAGTACACCCGTTCCAACCAGAACACCAACATCAACCAGCGCCCGATCGTCAAG 
                       **** ***      **  *                                  **** 
RpoBCaLas           ATCAAT------------------------------------------------------ 
Herbaspirillum      ATCGGTGACCGCGTGGCCAAGCATGACGTGATCGCCGACGGCGCCTCGACCGACATGGGC 
                    ***  *                                                       
RpoBCaLas           -------------------------TGGGGATGTTTAT---------------TAATTTT 
Herbaspirillum      GAGCTGGCGCTGGGCCAGAACATGCTGGTGGCGTTCATGCCCTGGAACGGCTACAACTTC 
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                                             *** *  *** **                ** **  
RpoBCaLas           GAAGA------------ACCCAAAAAGGAAGT---------------------------- 
Herbaspirillum      GAAGACTCGATCCTGATCTCCGAAAAGGTCGTGGCTGATGACCGCTACACCTCGATCCAC 
                    *****              ** ******  **                             
RpoBCaLas           --------------------------------------------AAAAGAA--------- 
Herbaspirillum      ATCGAGGAACTGTCGGTGGTGGCGCGTGACACCAAGCTGGGTGCAGAAGAAATCACCCGC 
                                                                * *****          
RpoBCaLas           GACAT------------------------------------------------------- 
Herbaspirillum      GACATCTCCAACCTGGCCGAGAACCAACTGGCCCGTCTGGATGAGTCGGGTATCGTCTAC 
                    *****                                                        
RpoBCaLas           ----------AAAT-----------------------GTTAAGTCTCTTC---------- 
Herbaspirillum      ATCGGCGCGGAAGTCGAAGCTGGCGACACCCTGGTCGGTAAGGTCACCCCCAAGGGCGAG 
                              ** *                       ** * *** *  *           
RpoBCaLas           ------------------------CTTTTAATCCTGCTCTTTTGAAAAAAG--------- 
Herbaspirillum      ACCCAGCTGACTCCGGAAGAGAAGCTGCTGCGCGCGATCTTCGGCGAGAAGGCCTCCGAC 
                                            **  *   *  * ****  *  * ***          
RpoBCaLas           TTGAAGAA---------------------------------------------------- 
Herbaspirillum      GTGAAGGACACCTCGCTGCGCGTGCCCTCTGGCATGGTCGGCACCGTCATCGACGTGCAG 
                     ***** *                                                     
RpoBCaLas           ------------------------------------------------------------ 
Herbaspirillum      GTGTTCACCCGCGAAGGCATCCAGCGCGACAAGCGCGCCCAGCAGATCATCGACGATGAA 
                                                                                 
RpoBCaLas           --TTAGAACTTTCTGTTAGGTCT-----ACTAACTGTTTA-----AGAGGTGA------- 
Herbaspirillum      CTCAAGCGCTATCGCCTGGACCTGAACGACCAGCTGCGTATCGTGGAAGGCGATGCCTTC 
                        **  ** **   * *  **     ** * ***  **       *** **        
RpoBCaLas           ------------------------------------------------------------ 
Herbaspirillum      CAGCGTCTGGAGCGTCTCTTGATCGGCAAGGTCGCCAACGGCGGCCCCAAGAAGCTGGTC 
                                                                                 
RpoBCaLas           --------------GAATATTGTTTATATGGGAGATTTGA-------------------- 
Herbaspirillum      AAGGGCACCAAGCTGGACAAGGCCTACCTGGACGATCTGGACAAGTTCCACTGGTTCGAC 
                                  * * *  *  **  ***  *** **                      
RpoBCaLas           ------------------------------------------------------------ 
Herbaspirillum      ATCCGCCCGGCCGACGACGACATCGCCAACGCACTGGAAGCCATCAAGGAATCCATCGCC 
                                                                                 
RpoBCaLas           ---------------------------TTCAAAGAA------------------------ 
Herbaspirillum      GAGAAGCGTCACCAGTTCGACCTGGCCTTCGAAGAGAAGCGCAAGAAGCTGACCCAGGGC 
                                               *** ****                          
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RpoBCaLas           ------------------------------------------------------------ 
Herbaspirillum      GATGAACTGCCGCCGGGCGTGCAGAAGATGGTCAAGGTCTACCTGGCTGTGAAGCGTCGC 
                                                                                 
RpoBCaLas           CCGAAGCC---------------------------------------------------- 
Herbaspirillum      CTGCAGCCTGGCGACAAGATGGCCGGTCGTCACGGTAACAAGGGTGTGGTTTCGCGCATC 
                    * * ****                                                     
RpoBCaLas           ------------GACATGTTGCGTATGGCCAAT--------------------------- 
Herbaspirillum      CTGCCGATCGAAGACATGCCGCACATGGCCGACGGTACCCCCGCCGACATCGTGCTGAAC 
                                ******  **  ****** *                             
RpoBCaLas           --------------------TTTGGACGTAAATC-------------------------- 
Herbaspirillum      CCGCTGGGCGTGCCCTCGCGTATGAACGTTGGCCAGGTGCTGGAAGTTCACCTGGGCTGG 
                                        * ** ****    *                           
RpoBCaLas           -----------------------TCTTGTCGAAAT----------TAAAGGAGTGTTA-G 
Herbaspirillum      GCCGCCAAGGGTCTGGGCCTGCGTCTGGGCGAGATGGTGCAGGCGCAAGCCAAGGTTGCG 
                                           *** * *** **           **   *  ***  * 
RpoBCaLas           GAACTATG------------------------------------------------GGAT 
Herbaspirillum      GAACTGCGCAAGTTCCTGACCACCATCTACAACGAATCGGGCAAGCAGGAAGAGCTGGAT 
                    *****  *                                                **** 
RpoBCaLas           TATTTCTC----------------------------------------GGCATG------ 
Herbaspirillum      TCGTTCACCGATGAAGAAATCATCGAGCTGGTGGAAAACCTGAAGAAGGGCGTGCCCTTC 
                    *  *** *                                        *** **       
RpoBCaLas           -----------------------------------AATTTGCCGGA--------CTGGCC 
Herbaspirillum      GCGACCCCGGTGTTCGACGGCGCGCATGAAGAAGAAACCCGCCGCATGCTCGATCTGGCC 
                                                       **   **** *        ****** 
RpoBCaLas           T----------------------------------------------------------- 
Herbaspirillum      TATCCGGACCCGATCGCCAAGCAGCTGGGCATGACCCCGTCGAAGAACCAGGTCACGATG 
                    *                                                            
RpoBCaLas           -----------------------------------------------------------C 
Herbaspirillum      TATGACGGCCGTACCGGTGAAGCCTTCGAGCGCACCGTGACCGTCGGCTACATGCACTAC 
                                                                               * 
RpoBCaLas           CTGAAAGT---------------------------------------------------- 
Herbaspirillum      CTGAAGCTGCACCACCTGGTCGACGACAAGATGCACGCCCGTTCCACCGGCCCGTACTCG 
                    *****  *                                                     
RpoBCaLas           ------------------------------------------------------------ 
Herbaspirillum      CTGGTGACCCAGCAGCCGCTGGGCGGCAAGGCGCAGTTCGGCGGCCAGCGTTTCGGCGAA 
                                                                                 
RpoBCaLas           ATAGAAGAGTTAGCG-------------------------------AAAAAAT------- 
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Herbaspirillum      ATGGAAGTGTGGGCGCTGGAAGCGTACGGCGCGTCCTACGTCCTGCAGGAAATGCTGACG 
                    ** **** **  ***                               *  ****        
RpoBCaLas           ---------------ATGAA---------------------------------------- 
Herbaspirillum      GTCAAGTCCGACGACGTGAACGGCCGTACCAAGGTCTACGAGAACCTGGTCAAGGGCGAC 
                                    ****                                         
RpoBCaLas           -----GATAAGTGC---------------------------------------------- 
Herbaspirillum      CACGTGATCGATGCCGGTATGCCGGAATCCTTCAACGTGTTGGTCAAGGAAATCCGCTCG 
                         ***   ***                                               
RpoBCaLas           ------------------------------TAA 
Herbaspirillum      CTGGGTATCGACATCGACCTGGAACGCGAATGA 
                                                  * * 
 
 
RpoD_CaLas          ATGACAAT--------------AGGAAAGAAGAGAAAT----AGAGATTCTGATAGT--- 
RpoD_Wolbachia      ATGTCAACTATTAATGATACGGAAGATAGGAAAAAAATCATCAAAGATCTTG-TAGCTAA 
                    *** ***               * ** ** * * ****    * ****  ** ***     
RpoD_CaLas          GAGCATGAGGATTCTGATGATTCTCTAGTTTTTGATTTTTCCGATGATTCTTGGAAAAAG 
RpoD_Wolbachia      AAGTATGAGAA--AGGGTGGTTTTATCACTTTTGAT-----------------GATATAA 
                     ** ***** *    * ** ** * *   *******                 ** * *  
RpoD_CaLas          ATGATCAAACTTGCTAGACAGCGCGGCTATGTGACCATAGAAGAGCTAAATGCTTTTTTG 
RpoD_Wolbachia      ATGAT--AAGTTGTCAGAT--------------------GAAAA---------TTTTTCA 
                    *****  ** ***  ***                     *** *         *****   
RpoD_CaLas          CCTCCCGATGAGGTGAGTTCTGAGCAAATGGAAGATACAGTGGCTATGTTATCCAATATG 
RpoD_Wolbachia      CC-----------TGATTTT-------ATAGATGATACTATAGCTCTATTGCAAGACTCT 
                    **           *** **        ** ** *****  * *** * **     *     
RpoD_CaLas          GGGATTAACGTGGTTGACGGCGATGATTTAGAGGATGAGGAGGGATCTGAGGATTCTCTT 
RpoD_Wolbachia      GGGATTAACATACTGGAAAGTAGT------GAAGATGAGGAAGAA--------------- 
                    ********* *  * **  *   *      ** ******** * *                
RpoD_CaLas          GATCTCGCAAGTAGTGCAAGTAATTCGTCCG-TATTTTTGCAAAAACG-CAAAGATTCGG 
RpoD_Wolbachia      GCTCCTTCTAATGATGGTGGTAATAAGCTTGATGATGATGAGACATCGTTGAATACTACT 
                    * **   * * *  **   *****  *   * *  *  **  * * **   ** * *    
RpoD_CaLas          CTGATCGTAGTAC----TGATGATCCGGTTCGCATGTATTTGCGTGAGATGGGTTCCATA 
RpoD_Wolbachia      ACAATTTTAGTGCAAAATGATGATCCAGTAAGGATTTATTTACAAGATATGAGCTCTGTA 
                       **  **** *    ********* **  * ** ***** *  ** *** * **  ** 
RpoD_CaLas          GAGTTGTTATCCCGTGAGGGTGAAATTGCTATAGCTAAAAGGATTGAG---GCAGGGCGA 
RpoD_Wolbachia      AAGCTTTTGTCACGAGCAGATGAAATTAAGATAGCAAAAAAAATTGAATCTGAAAAGCAT 
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                     ** * ** ** ** *  * *******   ***** ****  *****    * *  **   
RpoD_CaLas          GCTATGATGATGGCAAGTCTATGTGAAAGTCCTCTTACTTTCCAGGCTCTTATTATTTGG 
RpoD_Wolbachia      AACATGTTACGTGCGA---TAATTGAAACATCAGTGGCATTCAACATGATCAAAACATGG 
                       *** *    ** *   **  *****   *  *  * *** *     * *  *  *** 
RpoD_CaLas          CGTGATGAGTTAAATGATGGCACTACGCTTTTGCGTGAGATTATAGATTTAGAAGCATGT 
RpoD_Wolbachia      CGTGATGATTTAAGTGGTGGAACTTTTTTGCTGAGAGAAATTATAAATCTGGATGCA--- 
                    ******** **** ** *** ***    *  ** * ** ****** ** * ** ***    
RpoD_CaLas          ATTGGGCCAGAGTCAAAAGGGGGATTCTTCCATGGAACAGAAGGACATTCCTATCAAAAA 
RpoD_Wolbachia      ----------ATTTATAACTCTGATTTCAACATGGTAGACAAAG---------------- 
                              * * * **    ****    ***** * * ** *                 
RpoD_CaLas          CGAGAGGATAGTTCTCAAGAAAAGGAAAGGGATGATGTTCAAGAAACAGAGGGTGATATT 
RpoD_Wolbachia      ----------------AAGAAAGTGAAGCTGAAGATGTTAGAGA---------TTGTGTT 
                                    ******  ***   ** ******  ***         *  * ** 
RpoD_CaLas          GAGAGTGCTGCAAAGGTAAGTAAAGATGATCGTAGTAAGGTTGATTCTCCTCCAGAAAAT 
RpoD_Wolbachia      AATGATG------AGGAA---AAAGGTGATGATGAAAAGG--------------GAAA-- 
                     *   **      *** *   **** ****  *   ****              ****   
RpoD_CaLas          GCTGAAAATGACGAAAGAAATTTAGATGAAGATGAGGATGATTCTGCGCATACTCTTTCT 
RpoD_Wolbachia      --TGAGAGTGAAGACATAAGTTCAGCT---AACTTAAATATTTCTG---------TTCTT 
                      *** * *** ** * ** ** ** *    *     **  *****         **  * 
RpoD_CaLas          GCAATGGAGGATCAATTAAGACCGAAAGTAATGTGTGCGCTTGATGAAATTGCCGAAGTT 
RpoD_Wolbachia      GAAATGGAAAGTGATTTATTGCCAAAGGTTATCACGGCATTGGATGAGATCATTGC--TT 
                    * ******   * * ***   ** ** ** **    **  * ***** **    *   ** 
RpoD_CaLas          TATCGGGAATTGCGTTCGCTTCAAGA--------------------TAATGCGGTGAATG 
RpoD_Wolbachia      TAACAAATGAAGCATTGGTATTGAAAAAAAGTTCTAAAGATTTCTCTAATGAGCTAGAAA 
                    ** *       ** ** *  *  * *                    ***** * *  *   
RpoD_CaLas          GTCAAAAAGATGAAAAATCTTCTGT-------CAAATGCAA------------------- 
RpoD_Wolbachia      ATTTATATAATCAAATATGGTCTGTAGCATTACAAATTCAGTTTAGTGATGCTGCTATTA 
                     *  * *  ** *** **  *****       ***** **                     
RpoD_CaLas          --AGTATTAAAAGAGAAATTGGTTAAAT---TAGTTGGATCACTGTCACTGAATCAAAGT 
RpoD_Wolbachia      ACAGAATTACACAAAAACTTTACGAAATAAATAGACTAATCACGTTTAAAGAAGCTAAT- 
                      ** **** *  * ** **    ****   ***    *****  * *  *** * **   
RpoD_CaLas          CGCATCGATTTATTAGTGGAGCAGTTATATGACATTTCGAAGCGGATTATGCATAATGAA 
RpoD_Wolbachia      --------CTTATTACTGAAGCTA------GAAAGTACGA-------TATTGATAGAGAA 
                             ****** ** ***        ** * * ***       ***  ***  *** 
RpoD_CaLas          GGTGAGTTGTTACGGTTGGCTCAATCTTATGGAATTAAACGAGATGTTTTTTTAGAGCGC 
RpoD_Wolbachia      AGT---------------------TTTTATAATGTTTATGATGATGTGCTTTTAGAGCAC 
                     **                     * ****    ** *    *****  ********* * 
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RpoD_CaLas          CA--TCAAGGGCGCGAACTGGACCCTCATTGGGTGAGTTATGCAAAAGATTTTCCTGAAG 
RpoD_Wolbachia      GAGTTTA-----GTGAAATAAGTCTTCTCAAGATTAATGAAAATCAATCTCTTTTTACAG 
                     *  * *     * *** *    * **    * * * * *     **  * **  *  ** 
RpoD_CaLas          GGGAGTGGAAGAA-----TTTTGTTGCTTGTGAAGTCGAT---------TCCATCCTCAA 
RpoD_Wolbachia      GTGAATTAAAAAATAAATTCTTAAGGTTTATAAA--CGATAGCTATGAGTATATAGCTAG 
                    * ** *  ** **     * **   * ** * **  ****         *  **    *  
RpoD_CaLas          AATTAGAAATGAGATTAAAAGCATCTCAGTTGAAACAGGAATATCTATTTC-TGAATTCC 
RpoD_Wolbachia      TGCTTTAAGCAATATTAAGAGT-------TATGTACAAGGAGATAAAGTTCAGGAGTTTA 
                       *  **   * ***** **        *    *** * * **  * ***  ** **   
RpoD_CaLas          GGCATATTGTTTCGATGGTGCGTAAAGGAGAGTGCGAAGCCAGTATTGCCAAAAAAGAAA 
RpoD_Wolbachia      AGAAGCTAATCAAGAGAATACAGAAACATGAACAAGAAGTCTCTCAAGCAAAGCAAGAAA 
                     * *  *  *   **   * *  ***   **    **** *  *   ** **  ****** 
RpoD_CaLas          TGGTAGAAGCTAATTTGCGTCTCGTTATTTCTGTTGCTAAGAAATATACAAATCGTGGAT 
RpoD_Wolbachia      TGATTAAGGCTAATTTAAGGCTGGTGGTTTCGATTGCTAAAAAGTATTCAAAAAGAGGCC 
                    ** *  * ********  * ** **  ****  ******* ** *** ****  * **   
RpoD_CaLas          TGCAATTTTTGGATTTAATTCAAGAAGGCAATATTGGTTTGATGAAAGCTGCGGAAAAAT 
RpoD_Wolbachia      TTGATCTGCTTGATTTGATACAAGAAGGTAATATTGGTCTTATGAAGGCTGTGGATAAGT 
                    *  *  *  * ***** ** ******** ********* * ***** **** *** ** * 
RpoD_CaLas          TTGATTGGTGTTTGGGTTATAAATTTTCGACATATGCGATGTGGTGGGTTAAACAAGCAA 
RpoD_Wolbachia      TTGATTACAAACGTGGGTATAAATTTTCGACTTATGGTACTTGGTGGGTAAAACAATCAA 
                    ******        ** ************** ****  *  ******** ****** *** 
RpoD_CaLas          TTACGCGTTCTATCGCAGATCAATCATGCACGATCAGAATACCTGTCCATATGCGTGA-- 
RpoD_Wolbachia      TCACTAGGGCAATACCTGAACAGTCTAAAGTAGTTAGAATACCAGTACATATGGTGGAAA 
                    * **  *  * **  * ** ** **        * ******** ** ******   **   
RpoD_CaLas          -------TAAAATCCACAAGGTTGTTCGGACAGCGCGTAGGATGTCAAATAAAATCAAAC 
RpoD_Wolbachia      TTATCAGTAAAATCAACAAAG---------CATTAAGAAAGATGACTCATGGAATGGGTA 
                           ******* **** *         **    * * **** *  **  ***      
RpoD_CaLas          GTGAGCCTACGCCTGAAGAAATAGCAAAAAAACTCGCAATGCCTGTGGAAGGAGTGCGAA 
RpoD_Wolbachia      GAGAGCCTACATTAGAGGAATTGAGTATAGAATTGGCGATGCCGATAGAAAGAATACGCA 
                    * ********    ** *** *    * * ** * ** *****  * *** ** * ** * 
RpoD_CaLas          AAGTTTTAAAAATAACTAAAGAACCAATCTCTCTAGAAACGCCGATAGGTGATGAGGATA 
RpoD_Wolbachia      AAGTTATGAAGATAGCAAGAGATCCGGTAAGTCTTGAAGCTCCAACAGGAAAGGATGATA 
                    ***** * ** *** * * *** **  *   *** *** * ** * ***  * ** **** 
RpoD_CaLas          CTTCTCATCTTGGAGATTTTATAGAAGATAAAAATGCAGTCTCT---CCTTTGGATTCTG 
RpoD_Wolbachia      GTAGTACCTTCGGTGATTGTATAGAAGATAAGCG---AGTTTCTAAACCAGAGGATGCTG 
                     *  *    * ** **** ************      *** ***   **   **** *** 
RpoD_CaLas          CTATCCAAGCGAACTTGCGTGAAACGACCACACGCGTTCTTGCTTCTTTGACGCCACGGG 
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RpoD_Wolbachia      CAATACTTGCCGACTTGCGTGGCATTACGACCAATGTTCTTGCAACTTTAACACCAAAAG 
                    * ** *  **  *********  *  ** **    ********  **** ** ***   * 
RpoD_CaLas          AAGAAAGGGTATTGCGTATGCGTTTTGGT----ATAGGGATGAATACAGATCATACGCTA 
RpoD_Wolbachia      AAGAAAGAATTCTAAGGATGCGCTTTGGCCTTGGTAAAGATGGA-AAGGAGCATACCTTA 
                    *******  *  *  * ***** *****      **  **** * *  ** *****  ** 
RpoD_CaLas          GAAGAAGTAGGTAAACAATTTTGCGTTACTCGAGAGCGCATTCGTCAGATTGAAGCAAAG 
RpoD_Wolbachia      GAAGAAGTAGGAAAAATTTTTAATGTTACACGTGAGAGAATTAGGCAAATAGAGGCGAAA 
                    *********** ***   ***   ***** ** *** * *** * ** ** ** ** **  
RpoD_CaLas          GCGATTCGTAAGTTAAAACATCCTAGTCGTTCGAAGAAATTAAGGAGTTTTTTAGATGGT 
RpoD_Wolbachia      GCACTACGTAAGTTGAAACATCCAAGCCGTGCTAAAAAACTTAGGGGTTTCTT------T 
                    **  * ******** ******** ** *** * ** *** * *** **** **      * 
RpoD_CaLas          TAG 
RpoD_Wolbachia      TAA 
                    **  
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RpoD_CaLas           ATGACAATAGGAAAGAAGAGAAATAGAGATTCTGATAGTGAGCATGAGGATTCTGATGAT 
RpoD_Carsonella      ATGAA------------------------------------------------------- 
                     ****                                                         
RpoD_CaLas           TCTCTAGTTTTTGATTTTTCCGATGATTCTTGGAAAAAGATGATCAAACTTGCTAGACAG 
RpoD_Carsonella      --------TTTAAATTTTT-------TTTTTAAAAAAA---------------------- 
                             ***  ******       ** **  *****                       
RpoD_CaLas           CGCGGCTATGTGACCATAGAAGAGCTAAATGCTTTTTTGCCTCCCGATGAGGTGAGTTCT 
RpoD_Carsonella      -----------------AAAAAAAC---ATCATTTTTT---------------------- 
                                      * ** * *   **  ******                       
RpoD_CaLas           GAGCAAATGGAAGATACAGTGGCTATGTTATCCAATATGGGGATTAACGTGGTTGACGGC 
RpoD_Carsonella      ------------------------------------------------------------ 
                                                                                  
RpoD_CaLas           GATGATTTAGAGGATGAGGAGGGATCTGAGGATTCTCTTGATCTCGCAAGTAGTGCAAGT 
RpoD_Carsonella      --TAATTAAAAAAATAAGTA-------AAAAATATTTTAAATTTTTAAAATATAATAATT 
                       * *** * *  ** ** *        *  **  * *  ** *   ** **    ** * 
RpoD_CaLas           AATTCGTCCGTATTTTTGCAAAAACGCAAAGATTCGGCTGATCGTAGTACTGATGATCCG 
RpoD_Carsonella      ATATAAAATATAATTTTAAAAAAAC----------------------------------- 
                     *  *      ** ****  ******                                    
RpoD_CaLas           GTTCGCATGTATTTGCGTGAGATGGGTTCCATAGAGTTGTTATCCCGTGAGGGTGAAATT 
RpoD_Carsonella      ------------------------------------------------------------ 
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RpoD_CaLas           GCTATAGCTAAAAGGATTGAGGCAGGGCGAGCTATGATGATGGCAAGTCTATGTGAAAGT 
RpoD_Carsonella      ----------AAAATATT------------------------------------------ 
                               ***  ***                                           
RpoD_CaLas           CCTCTTACTTTCCAGGCTCTTATTATTTGGCGTGATGAGTTAAATGATGGCACTACGCTT 
RpoD_Carsonella      ----TTATTTT------------------------TAAATTAAAAAAT------------ 
                         *** ***                        * * *****  **             
RpoD_CaLas           TTGCGTGAGATTATAGATTTAGAAGCATGTATTGGGCCAGAGTCAAAAGGGGGATTCTTC 
RpoD_Carsonella      ---------------AATTTACAA------------------------------------ 
                                     ***** **                                     
RpoD_CaLas           CATGGAACAGAAGGACATTCCTATCAAAAACGAGAGGATAGTTCTCAAGAAAAGGAAAGG 
RpoD_Carsonella      -------------------------AAAAAAAAAATAATAATTTTTAATTTAATTAATTA 
                                              *****  * *  *** ** * **   **  **    
RpoD_CaLas           GATGATGTTCAAGAAACAGAGGGTGATATTGAGAGTGCTGCAAAGGTAAGTAAAGATGAT 
RpoD_Carsonella      TTTTATATTAAAAAA--------TTATATT------------------ATTAAATTATTT 
                       * ** ** ** **        * *****                  * ****     * 
RpoD_CaLas           CGTAGTAAGGTTGATTCTCCTCCAGAAAATGCTGAAAATGACGAAAGAAATTTAGATGAA 
RpoD_Carsonella      TTTAAAAAATTTATTTTTTTTTTTAAAAA----AAAAATTATTAAAAAAAATTTTATTAT 
                       **  **  **  ** *  *    ****     ***** *  *** *** **  ** *  
RpoD_CaLas           GATGAGGATGATTCTGCGCATACTCTTTCTGCAATGGAGGATCAATTAAGACCGAAAGTA 
RpoD_Carsonella      TAGTAAAAT-ATTGTATTTATACT---------------------TTAAAA---AAATTA 
                      *  *  ** *** *    *****                     **** *   *** ** 
RpoD_CaLas           ATGTGTGCGCTTGATGAAATTGCCGAAGTTTATCGGGAATTGCGTTCGCTTCAAGATAAT 
RpoD_Carsonella      AATTTTAT-TTTAATGAAATT-------------------------------AAAATAAG 
                     *  * *    ** ********                               ** ****  
RpoD_CaLas           GCGGTGAATGG------TCAAAAAGATGAAAAATCTTCTGTCAAATGCAAAGTATTAAAA 
RpoD_Carsonella      ATATTTATTAGTTTTTTTTGAAAAAAAAATAAATTTT-----------------TTAAAA 
                         * * * *      *  **** *  * **** **                 ****** 
RpoD_CaLas           GAGAAATTGGTTAAATTAGTTGGATCACTGTCACTGAATCAAAGTCGCATCGATTTATTA 
RpoD_Carsonella      AATAATTTAATAATATTAA----------------------------------------- 
                      * ** **  * * ****                                           
RpoD_CaLas           GTGGAGCAGTTATATGACATTTCGAAGCGGATTATGCATAATGAAGGTGAGTTGTTACGG 
RpoD_Carsonella      --AAAACAATCATTTAATTTT-----------------TAAAGAA--------------- 
                         * ** * ** * *  **                 *** ***                
RpoD_CaLas           TTGGCTCAATCTTATGGAATTAAACGAGATGTTTTTTTAGAGCGCCATCAAGGGCGCGAA 
RpoD_Carsonella      -------AAAATTATAGAAAAAAATAACATGTTTTTTT---------------------- 
                            **  **** ***  ***  * **********                       
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RpoD_CaLas           CTGGACCCTCATTGGGTGAGTTATGCAAAAGATTTTCCTGAAGGGGAGTGGAAGAATTTT 
RpoD_Carsonella      --------------------------------TTTTT--------GAATTAAAAATTTTT 
                                                     ****         ** *  ** * **** 
RpoD_CaLas           GTTGCTTGTGAAGTCGATTCCATCCTCAAAATTAGAAATGAGATTAAAAGCATCTCAGTT 
RpoD_Carsonella      TTTGT------------------------AATTATAAATAAAATAAA------------- 
                      ***                         ***** **** * ** **              
RpoD_CaLas           GAAACAGGAATATCTATTTCTGAATTCCGGCATATTGTTTCGATGGTGCGTAAAGGAGAG 
RpoD_Carsonella      --------------------------------------------------TAAA------ 
                                                                       ****       
RpoD_CaLas           TGCGAAGCCAGTATTGCCAAAAAAGAAATGGTAGAAGCTAATTTGCGTCTCGTTATTTCT 
RpoD_Carsonella      ---AAAATTATTAATAACAATATAAAAATTATAAATAAAAATAT---------------- 
                      **   * ** *  *** * * ****  ** *    *** *                 
RpoD_CaLas           GTTGCTAAGAAATATACAAATCGTGGATTGCAATTTTTG--GATTTAATTCAAGAAGGCA 
RpoD_Carsonella      -----TAAAAAATATAAAAA-CAAAAATT----TTTTTAATGATTTATATCAAGAATGTT 
                          *** ******* *** *    ***    *****   ******  ******* *   
RpoD_CaLas           ATATTGGTTTGATGAAAGCTGCGGAAA-----AATTTGATTGGTGTTTGGGTTATAAATT 
RpoD_Carsonella      ATTTAGAATTTAAAAAAATTATTAAAAATAATATTTTAAATAAAAATAGTTTTTTAAAAT 
                     ** * *  ** *  ***  *    ***     * *** * *     * *  ** **** * 
RpoD_CaLas           TTCGACATATGCGATGTGGTGGGTTAAACAAGCAATTACGCGTTCTATCGCAGATCAATC 
RpoD_Carsonella      TTTGTTAT--------TGGAAATTTAAAAAAAT--------------------------- 
                  ** *  **        ***    ***** **                              
RpoD_CaLas           ATGCACGATCAGAATACCTGTCCATATGCGTGATAAAATCCACAAGGTTGTTCGGACAGC 
RpoD_Carsonella      ---TACGATAAGAATAAC-----------------AAATTTAAAAAA------------- 
                         ***** ****** *                 ****  * **                
RpoD_CaLas           GCGTAGGATGTCAAATAAAATCAAACGTGAGCCTACGCCTGAAGAAATAGCAAAAAAACT 
RpoD_Carsonella      ------------AAATAAAAAAAAAATTGAACTTTTATCTGTTGATAAA----------- 
                                 ********  ***  *** * *    ***  ** * *            
RpoD_CaLas           CGCAATGCCTGTGGAAGGAGTGCGAAAAGTTTTAAAAATAACTAAAGAACCAATCTCTCT 
RpoD_Carsonella      -------CCTTT----------------ATTTAATCAATCATTAAAATATT-TTCTTTCT 
                            *** *                 *** *  *** * ****  *    *** *** 
RpoD_CaLas           AGAAACGCCGATAGGTGATGAGGATACTTCTCATCTTGGAGATTTTATAGAAG-----AT 
RpoD_Carsonella      GAAAAAGA-----------AAAATCAATTTTAATT----GAATTTGCTAGAAATGCACTT 
                    *** *             *    * ** * **       ****  *****       * 
RpoD_CaLas           AAAAATGCAGTCTCTCCTTTGGATTCTGCTATCCAAGCGAACTTGCGTGAAACGACCACA 
RpoD_Carsonella      AAAAATATAA-------TTAGAAATCTAATATAT-----AATTTACCTAAAA-------- 
                     ******  *        ** * * ***  ***       ** ** * * ***         
RpoD_CaLas           CGCGTTCTTGCTTCTTTGACGCCACGGGAAGAAAGGGTATTGCGTATGCGTTTTGGTATA 
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RpoD_Carsonella      -------------------------AAGAACAAAAAATAATAAGATTAAGATTTGGGATT 
                                                *** ***   ** *  *  *  * ***** **  
RpoD_CaLas           GGGATGAATACAGATCATACGCTAGAAGAAGTAGGTAAACAATTTTGCGTTACTCGAGAG 
RpoD_Carsonella      GGAGAAATTAGAATTTTTACTTTAGAAGAAATTGGTAAATTATGTAATCTAACAAAAGAA 
                     **    * ** *  *  ***  ******** * ******  ** *    * **   ***  
RpoD_CaLas           CGCATTCGTCAGATTGAAGCAAAGGCGATTCGTAAGTTAAAACATCCTAGTCGTTCGAAG 
RpoD_Carsonella      AGAATTAGACAATTAGAATTAAATGTAATAATTAAAATTAGACAACCAAAAATTTTAAAT 
                      * *** * **  * ***  *** *  **   ***  * * *** ** *    **  **  
RpoD_CaLas           AAATTAA----------GGAGTTTTTTAGATGGTTAG----- 
RpoD_Carsonella      TTATTAAAACCATATATAAAAATATTAAAATCATTAGAATAA 
                       *****            *  * ** * **  ****      
 
CLUSTAL multiple sequence alignment by MUSCLE (3.8) 
 
RpoD_CaLas          ATGACAAT-----AGGAAAGAAGAGAAATAGAGATTCTGATAGTGAGCATGAGGATTCTG 
[profftela]         ATGAAATTTATTAATAAAAAAACAAAAATCAAGAATA----AAAAAACAAAAGAAACCTT 
                    **** * *     *  *** ** * ****  *** *     *   * **  ** *  **  
RpoD_CaLas          AT-----GATTCTCTAGTTTTTGATTT---------------------TTCCGATGATTC 
[profftela]         ATTAAAGAATGCATTTTCTTTTGATATAAAATCTAATAGTAGAGAAGAAATCGAAAATTT 
                    **      ** *  *   ******* *                        ***  ***  
RpoD_CaLas          TTGGAAAAAG---------ATGATCAAACTTGCTAGACAGCGCGGCTATGTGACCATAGA 
[profftela]         AAGAAAAAAGTTTAAAATATTAATTAAACTCGGTAAAGAACGCGGTTATTTAACTTTTTC 
                      * ******          * ** ***** * ** * * ***** *** * **  *    
RpoD_CaLas          AGAGCTAAATGCTTTTTTGCCTCCCGATGAGGTGAGTTCTGAGCAAATGGAAGATACAGT 
[profftela]         AGAAATTAATGATTTTCTTCCAGAAGATATTATCGATCACGAAATAATTGAAAGTATTAT 
                    ***  * **** **** * **    ***    *   *   **   *** ***  **   * 
RpoD_CaLas          GGCTATGTTATCCAATATGGGGATT----------AACGTGGTT----------GACGGC 
[profftela]         TAAAACCTTTCGATATATGGATATTTCTGTATCAGAACACGTATTAGACACAGAGACATT 
                        *  **     ******  ***          ***  *  *          ***    
RpoD_CaLas          GATGATTTAGAGGATGAGGAGGGATCTGAGGATTCTCTTGATCTCGCAAGTAGTGCAAGT 
[profftela]         AATGCTTTCTAATATTACTAG-----TGATGATGATGTTGA----AGAAGCAACAGAGGC 
                     *** ***  *  ** *  **     *** ***  * ****      *** *    * *  
RpoD_CaLas          AAT-TCGTCCGTATTTTTGCAAAAACGCAAAGATTCGGCTGATCGTAGTACTGATGATCC 
[profftela]         AGCATTATCTACAGTT---------------GATTCTGATTTTGGTAGAACAAAAGATCC 
                    *   *  **   * **               ***** * *  * **** **  * ***** 
RpoD_CaLas          GGTTCGCATGTATTTGCGTGAGATGGGTTCCATAGAGTTGTTATCCCGTGAGGGTGAAAT 
[profftela]         AATAAAAATGTATATGAGAGAAATGGGCTCAGTTGAATTATTAACTAGAGACGGAGAAAT 
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                      *    ****** ** * ** ***** **  * ** ** *** *  * ** ** ***** 
RpoD_CaLas          TGCTATAGCTAAAAGGATTGAGGCAGG---GCGAGCTATGATGATGGCAAGTCTATGTGA 
[profftela]         TGAAATAGCTAAACGTATTGAGGAAGGTTTAAAAGATATGAT------------------ 
                    **  ********* * ******* ***      ** ******                   
RpoD_CaLas          AAGTCCTCTTACTTTCCAGGCTCTTATTATTTGGCGTGATGAGTTAAATGATGGCACTAC 
[profftela]         ---TCATGCTATTTCTTCGTGTCCCACTACT----ATTATGGAAATATTAATAGCAGCA- 
                       ** *  ** **    *  **  * ** *     * ***     * * ** ***  *  
RpoD_CaLas          GCTTTTGCGTGAGATTATAGATTTAGAAGCATG-TATTGGGCCAGAGTCAAAAGGGGGAT 
[profftela]         ----------GATA----AAATTTCAAAAAATGAAATTAAGATAGA-TGAAATAGTTGAC 
                              ** *    * ****  **  ***  ***  *  *** * ***  *  **  
RpoD_CaLas          TCTTCCATGGAACAGAAGGACATTCCTATCAAAAACGAGAGGATAGTTCTCAAGAAAAGG 
[profftela]         GGTTTAATTG---ATAAAAATTTTTCTAGTAATAAT-----CGTGTTATTAAAGGTAATA 
                      **  ** *   * **  *  ** ***  ** **        *  *  * ***  **   
RpoD_CaLas          AAAGGGATGATGTTCAAGAAACAGAGGGTGATATTGAGAGTGCTGCAAAGGTAAGTAAAG 
[profftela]         AAAATAATAATG---AAGAAAAA-------ATATTGAT---------------------- 
                    ***   ** ***   ****** *       *******                        
RpoD_CaLas          ATGATCGTAGTAAGGTTGATTCTCCTCCAGAAAA--TGCTGAAAATGACGAAAGAAATTT 
[profftela]         -TGAATCTAGTTCAGCTGATTTATCAACAGAACAATTGGAGAAATTAAAATATGAATCTT 
                     ***   ****   * *****   *  ***** *  **  **** * *   * ***  ** 
RpoD_CaLas          AGATGAAGATGAGGATGATTCTGCGCATACTCTTTCTGCAATGGAGGATCAATTAAGACC 
[profftela]         TAATAAAATT--------TTCTA-ATATATCTTTTC---------------ATTTTGAT- 
                      ** **  *        ****    ***   ****               ***  **   
RpoD_CaLas          GAAAGTAATGTGTGCGCTTGATGAAATTGCCGAAGTTTATCGGGAATTGCGTTCGCTTCA 
[profftela]         -AAAATGAGAAAAGCATTTGAAAAA------GAAGGATAT--------------AATTCA 
                     *** * *     **  ****  **      ****  ***                **** 
RpoD_CaLas          AGATAATGCGGTGAATGGTCAAAAAGATGAAAAATCTTCTGTCAAATGCAAAGTATT--- 
[profftela]         GAATCATAT-ATAAAAGCACATAATAAT-----ATTTCTAATGAAATGCTAGGTATTCGA 
                      ** **    * ** *  ** **  **     ** *    * ****** * *****    
RpoD_CaLas          ------AAAAGAGAAATTGGTTAAATTAGTTGGATCACTGTCACTGAATCAAAGTCGCAT 
[profftela]         TTTACAGCAAAAAGTATTGA--AAAATTGTGCGATACC--TTACGAAATCAAATT--AAT 
                            ** *   ****   *** * **  ***  *  * **  ******* *   ** 
RpoD_CaLas          CGATTTATT--AGTGGAGCAGTTATATGACATTTCGAAGCGGATTATGCATAATGAAGGT 
[profftela]         CAAGTTACTCAAATAGAGAA-----ACAAATTTTAGAA----ATTGTTGTCAATAAATGC 
                    * * *** *  * * *** *     *  *  *** ***    *** *    *** ** *  
RpoD_CaLas          GAGTTGTTACGGTTGGCTCAATCTTATGGAATTAAACGAGATGTTTTTTTAGAGCGCCAT 
[profftela]         GGAATGCCACGTTTA----CATTTTATTAAA-----------GTTTTTCCAGA------- 
                    *   **  *** **      ** ****  **           ******  ***        
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RpoD_CaLas          CAAGGGCGCGAACTGGACCCTCATTGGGTGAGTTATGCAA--AAGATTTTCCTGAAGGGG 
[profftela]         -----AAATGAAATTAATTTAAATTGGGTAGACAATGAAACTAAAATTC-----AACATG 
                             *** *  *     *******     *** **  ** ***      **   * 
RpoD_CaLas          AGTGGAAGAATTTTGTTGCTTGT-GAAGTCGATTCCATCCTCAAAATTAGAAATGAGATT 
[profftela]         ATT---ATAATTTGATTTTATGTCGAAAT--ATTCCTTCCATAAAA----GAATTACAGC 
                    * *   * *****  **   *** *** *  ***** ***  ****     *** * *   
RpoD_CaLas          AAAAGCATCTCAGTTGAAACAGGAATATCTATTT--------CTGAATTCCGGCATATTG 
[profftela]         AAAAATTAATTAATTTACAAACAGATATTGTTTTACCATTAAATGATTTGCGTGACATAA 
                    ****     * * ** * * *   ****   ***         *** ** **  * **   
RpoD_CaLas          TTTCGATGGTGCGTAAAGGAGAGTGCGAAGCCAGTATTGCCAAAAAAGAAATGGTAGAAG 
[profftela]         ATAGAAAAATGATTGCTGGAGAAATGAAAGCTCGTAAAGCAAAAAGAGAAATGACCGAGG 
                     *   *   **  *   *****     ****  ***  ** **** *******   ** * 
RpoD_CaLas          CTAATTTGCGTCTCGTTATTTCTGTTGCTAAGAAATATACAAATCGTGGATTGCAATTTT 
[profftela]         CTAATTTAAGATTAGTAATTTCAATTGCAAAGAAATATACTGATAGAGGTCTTCAATTTC 
                    *******  *  * ** *****  **** ***********  ** * **  * ******  
RpoD_CaLas          TGGATTTAATTCAAGAAGGCAATATTGGTTTGATGAAAGCTGCGGAAAAATTTGATTGGT 
[profftela]         TTGATTTAATTCAAGAGGGAAATATTGGTTTAATGAAAGCGGTTGATAAATTTGAATATC 
                    * ************** ** *********** ******** *  ** ******** *    
RpoD_CaLas          GTTTGGGTTATAAATTTTCGACATATGCGATGTGGTGGGTTAAACAAGCAATTACGCGTT 
[profftela]         GTCGTGGTTATAAATTTTCTACTTATGCAACATGGTGGATAAGACAAGCAATTACTCGAT 
                    **   ************** ** ***** *  ****** * * ************ ** * 
RpoD_CaLas          CTATCGCAGATCAATCATGCACGATCAGAATACCTGTCCATATGCGTGATAAAATCCACA 
[profftela]         CAATTGCAGATCAAGCTAGAACTATTCGAATTCCAGTTCATATGATTGAGACAATTAATA 
                    * ** ********* *  * ** **  **** ** ** ******  *** * ***  * * 
RpoD_CaLas          AGGTTGTTCGGACAGCGCGTAGGATGTCAAATAAAATCAAACGTGAGCCTACGCCTGAAG 
[profftela]         AAATAAGTAGAATATCTCGTCAAATTTTACAAGAAACCGGTTCAGAACCAGATCCTTCAG 
                    *  *   * * * * * ***   ** * * *  *** *      ** **    ***  ** 
RpoD_CaLas          AAATAGCAAAAAAACTCGCAATGCCTGTGGAAGGAGTGCGAAAAGTTTTAAAAATAACTA 
[profftela]         TAATTGCAATTAAAATGGAAATGCCAGAAGAAAAAATTAGAAAAATTATGAAAATTGCAA 
                     *** ****  *** * * ****** *  ***  * *  ***** ** * *****  * * 
RpoD_CaLas          AAGAACCAATCTCTCTAGAAACGCCGATAGGTGATGAGGATACTTCTCATCTTGGAGATT 
[profftela]         AAGAACCAGTTTCCATGGAATCCCCTGTAGGGGATGATGAGGATTCTCATTTAGGTGATT 
                    ******** * **  * *** * **  **** ***** **   ******* * ** **** 
RpoD_CaLas          TTATAGAAGATAAAAATGCAGTCTCTCCTTTGGATTCTGCTATCCAAGCGAACTTGCGTG 
[profftela]         TCATTGAAGATGAAAATATGTTAGCACCTTCAGATGCCGCATTAAATGCATCAATGCGTT 
                    * ** ****** *****    *  * ****  *** * **  *  * **     *****  
RpoD_CaLas          AAACGACCACACGCGTTCTTGCTTCTTTGACGCCACGGGAAGAAAGGGTATTGCGTATGC 
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[profftela]         CTGTAGTTAAAGATATTCTTAATTCATTAACACCAAGAGAATCTAAGGTTCTTCGTATGC 
                            * *    *****  *** ** ** *** * ***   * ***  * ******* 
RpoD_CaLas          GTTTTGGTATAGGGATGAATACAGATCATACGCTAGAAGAAGTAGGTAAACAATTTTGCG 
[profftela]         GTTTTGGTATTGAAATGTCAAGTGATCATACACTAGAGGAAGTCGGTAAACAATTTGATG 
                    ********** *  ***   *  ******** ***** ***** ************   * 
RpoD_CaLas          TTACTCGAGAGCGCATTCGTCAGATTGAAGCAAAGGCGATTCGTAAGTTAAAACATCCTA 
[profftela]         TAACAAGAGAAAGAATTCGACAAATAGAAGCAAAAGCATTACGGAAATTACGTCATCCTT 
                    * **  ****  * ***** ** ** ******** **  * ** ** ***   ******  
RpoD_CaLas          GTCGTTCGAAGAAATTAAGGAGTTTTTTAGATGG---------TTAG 
[profftela]         CTCGATATTATAAATTAAAAATTTTTTTAGAAGGAAAAAAAAATTAA 
                     *** *   * *******  * ********* **         ***  
 
CLUSTAL multiple sequence alignment by MUSCLE (3.8) 
 
RpoD_CaLas              ATGACAATAGGAAAGAAGAGAAATAGAGATTCTGATAGTGAGCATGAGGATTCTGATGAT 
RpoD_Herbasirillum      ATGAC---------------------------------------TGAGAGTCCTTA---- 
                        *****                                       ****  * ** *     
RpoD_CaLas              TCTCTAGTTTTTGATTTTTCCGATGATTCTTGGAAAAAGATGATCAAACTTGCTAGACAG 
RpoD_Herbasirillum      ------------------CCTGTTGGCCACTGGCG------GCCCGCCCTTGCCGGACGA 
                                           * * **     ***        *  *   *****  ***   
RpoD_CaLas              CGCGGCTATGTGACCATAGAAGAGCTAAATGCTTTTTTGCCTCCCGATGAGGTGAGTTCT 
RpoD_Herbasirillum      CCTGGC------------------------------------------------------ 
                        *  ***                                                       
RpoD_CaLas              GAGCAAATGGAAGATACAGTGGCTATGTTATCCAATATGGGGATTAACGTGGTTGACGGC 
RpoD_Herbasirillum      ------------------------------------------------------------ 
                                                                                     
RpoD_CaLas              GATGATTTAGAGGATGAGGAGGGATCTGAGGATTCTCTTGATCTCGCAAGTAGTGCAAGT 
RpoD_Herbasirillum      ---------------------GGGTCTG-------------CCCGGCAAG---------- 
                                             ** ****              *  *****           
RpoD_CaLas              AATTCGTCCGTATTTTTGCAAAAACGCAAAGATTCGGCTGATCGTAGTACTGATGATCCG 
RpoD_Herbasirillum      ------------------------------------------------------------ 
                                                                                     
RpoD_CaLas              GTTCGCATGTATTTGCGTGAGATGGGTTCCATAGAGTTGTTATCCCGTGAGGGTGAAATT 
RpoD_Herbasirillum      -------------------------------------------CCCGCG----------C 
                                                                   **** *            
RpoD_CaLas              GCTATAGCTAAAAGGATTGAGGCAGGGCGAGCTATGATGATGGCAAGTCTATGTGAAAGT 
RpoD_Herbasirillum      ACCCTACCGAAGAGCGCT-------TGCGCACCTTGCTGCTGGCCGGTCT---------- 
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                         *  ** * ** **   *        ***  *  ** ** ****  ****           
RpoD_CaLas              CCTCTTACTTTCCAGGCTCTTATTATTTGGCGTGATGAGTTAAATGATGGCACTACGCTT 
RpoD_Herbasirillum      --------------------------------------------CGATGGCG-------- 
                                                                     ******          
RpoD_CaLas              TTGCGTGAGATTATAGATTTAGAAGCATGTATTGGGCCAGAGTCAAAAGGGGGATTCTTC 
RpoD_Herbasirillum      --------------------------ACGCAGTGGCCTA--------------------- 
                                                  * * * *** * *                      
RpoD_CaLas              CATGGAACAGAAGGACATTCCTATCAAAAACGAGAGGATAGTTCTCAAGAAAAGGAAAGG 
RpoD_Herbasirillum      -CCGGAAC---------TTCCTTTCCGAACTGAGCGG----------------------- 
                           *****         ***** **  **  *** **                        
RpoD_CaLas              GATGATGTTCAAGAAACAGAGGGTGATATTGAGAGTGCTGCAAAGGTAAGTAAAGATGAT 
RpoD_Herbasirillum      ------------------------------------------------------------ 
                                                                                     
RpoD_CaLas              CGTAGTAAGGTTGATTCTCCTCCAGAAAATGCTGAAAATGACGAAAGAAATTTAGATGAA 
RpoD_Herbasirillum      ---------------TCGCC---------------------------------------- 
                                    ** **                                         
RpoD_CaLas              GATGAGGATGATTCTGCGCATACTCTTTCTGCAATGGAGGATCAATTAAGACCGAAAGTA 
RpoD_Herbasirillum      --TGCGCGCGTTTCTGCGCA---------------------------------------- 
                          ** *   * *********                                         
RpoD_CaLas              ATGTGTGCGCTTGATGAAATTGCCGAAGTTTATCGGGAATTGCGTTCGCTTCAAGATAAT 
RpoD_Herbasirillum      -----AGCGCCTG--------------GTTCATCTG---------------CAAGATGAC 
                              **** **              *** *** *               ****** *  
RpoD_CaLas              GCGGTGAATGGTCAAAAAGATGAAAAATCTTCTGTCAAATGCAAAGTATTAAAAGAGAAA 
RpoD_Herbasirillum      GTCGAGGAT--------------------------------------------------- 
                        *  * * **                                                    
RpoD_CaLas              TTGGTTAAATTAGTTGGATCACTGTCACTGAATCAAAGTCGCATCGATTTATTAGTGGAG 
RpoD_Herbasirillum      ------------------------------------------------------GTGGTG 
                                                                              **** * 
RpoD_CaLas              CAGTTATATGACATTTCGAAGCGGATTATGCATAATGAAGGTGAGTTGTTACGGTTGGCT 
RpoD_Herbasirillum      CAG--------------------------------------------------------- 
                        ***                                                          
RpoD_CaLas              CAATCTTATGGAATTAAACGAGATGTTTTTTTAGAGCGCCATCAAGGGCGCGAACTGGAC 
RpoD_Herbasirillum      --------------------------------------------------------GAAA 
                                                                                * *  
RpoD_CaLas              CCTCATTGGGTGAGTTATGCAAAAGATTTTCCTGAAGGGGAGTGGAAGAATTTTGTTGCT 
RpoD_Herbasirillum      CCCTGCTGG--------------------------------------------------- 
                        **    ***                                                    
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RpoD_CaLas              TGTGAAGTCGATTCCATCCTCAAAATTAGAAATGAGATTAAAAGCATCTCAGTTGAAACA 
RpoD_Herbasirillum      -------------CCATCCACAACGC--------------------------------CC 
                                     ****** ***                                   *  
RpoD_CaLas              GGAATATCTATTTCTGAATTCCGGCATATTGTTTCGATGGTGCGTAAAGGAGAGTGCGAA 
RpoD_Herbasirillum      GTCATACCTAT------------------------------------------------- 
                        *  *** ****                                                  
RpoD_CaLas              GCCAGTATTGCCAAAAAAGAAATGGTAGAAGCTAATTTGCGTCTCGTTATTTCTGTTGCT 
RpoD_Herbasirillum      ---------------------------------------CGTCCCG-------------- 
                                                               **** **               
RpoD_CaLas              AAGAAATATACAAATCGTGGATTGCAATTTTTGGATTTAATTCAAGAAGGCAATATTGGT 
RpoD_Herbasirillum      ---------ACCAGCCGCTGACAGC-----CTGGGTGCACGCCA------------TTGC 
                                 ** *  **  **  **      *** *  *   **            * *  
RpoD_CaLas              TTGATGAAAGCTGCGGAAAAATTTGATTGGTGTTTGGGTTATAAATTTTCGACATATGCG 
RpoD_Herbasirillum      TCGCTACAAGCTG---------------------------ATGGATTTCCTGCGCGCCCG 
                        * * *  ******                           **  **** *  *     ** 
RpoD_CaLas              ATGTGGTGGGTTAAACAAGCAATTACGCGTTCTATCGCAGATCAATC-----------AT 
RpoD_Herbasirillum      TT-------------CACGCCGTGACGCCTTCC--------TCGATCCGCTGGAAGAGGA 
                         *             ** **  * **** ***         ** ***              
RpoD_CaLas              GCACGATCAGAATACCTGTCCATATGCGTGATAAAATCCACAAGGTTGTTCGGACAGCGC 
RpoD_Herbasirillum      GCACGACCTG-----CTGGCCATCTGCGACGATGAACCCGCGCAGGCG------CGGCGC 
                        ****** * *     *** **** ****      ** ** *   *  *      * **** 
RpoD_CaLas              GTAGGATGTCAAATAAAATCAAACGTGAGCCTACGCCTGAAGAAATAGCAAAAAAACTCG 
RpoD_Herbasirillum      G---------------------ACGTCGGCGCGCTGCTGGAGGAGCTGCCCGACAA---G 
                        *                     ****  **   *  *** ** *   **   * **   * 
RpoD_CaLas              CAATGCCTGTGGAAGGAGTGCGAAAAGTTTTAAAAATAACTAAAGAACCAATCTCT-CTA 
RpoD_Herbasirillum      CAACGCCTGCCGATCGTGCATGTCAAG------------CTGGAGGGCCTGTCGGTGGCC 
                        *** *****  **  * *   *  ***            **  **  **  **  *     
RpoD_CaLas              GAAACGCCGATAGGTGATGAGGATACTTCTCATCTTGGAGATTTTATAGAAGATAAAAAT 
RpoD_Herbasirillum      GAAACGGCG-CAACTGACGGGGATG----------------------------------- 
                        ****** **  *  *** * ****                                     
RpoD_CaLas              GCAGTCTCTCCTTTGGATTCTGCTATCCAAGCGAACTTGCGTGAAACGACCACACGCGTT 
RpoD_Herbasirillum      ------------TCGGAGTCGGCCGTCAAGGTGGGCATCCAT--CGTGGCCTCAAG-GCC 
                                    * *** ** **  ** * * *  * * * *     * ** ** * *   
RpoD_CaLas              CTTGCTTCTTTGACGCCACGGGAAGAAAGGGTATTGCGTATGCGTTTTGGTATAGGGATG 
RpoD_Herbasirillum      CTGG---CCCTGAAGATCCGGGAGAAAC----------------------TGCAAGCATG 
                        ** *   *  *** *   *****  **                       *  * * *** 
RpoD_CaLas              AATACAGATCATACGCTAGAAGAAGTAGGTAAACAATTTTGCGTTACTCGAGAGCGCATT 
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RpoD_Herbasirillum      A----------------------------------------------------------- 
                        *                                                            
RpoD_CaLas              CGTCAGATTGAAGCAAAGGCGATTCGTAAGTTAAAACATCCTAGTCGTTCGAAGAAATTA 
RpoD_Herbasirillum      ------------------------------------------------------------ 
                                                                                     
RpoD_CaLas              AGGAGTTTTTTAGATGGTTAG 
RpoD_Herbasirillum      --------------------- 





Anexo capítulo II 
 
Supplementary Table 2.1: Primer sequences designed for D. citri housekeeping 
genes 

















Supplementary Table 2.2: Primer sequences designed for D. citri intermediary 
metabolism genes 
NCBI ID Gene name Primers 
XP_008485307.1 
ATP synthase subunit 
alpha, mitochondrial-
like 
Forward Primer CGGTATCGCTCGTGTCTATGG  
Reverse Primer CGCTTGACAATGTCTCCTTCCT  
XP_017302780.1 
ATP synthase subunit 
b, mitochondrial 
Forward Primer AAGGTCCAAAGCCCAAGCA  





Forward Primer AGGAATCAGGTTCAGAGGCTTGT  





Forward Primer GTTGCGGTAGGCGATGAAAA  







Forward Primer TCCCACAGGTGTCCCGTCTA  





Forward Primer TTGCTGCTCAAGGAGGGATT  






Forward Primer CAGGGCTGGCTGGTTATTTC  






Forward Primer CAAGCCTGTGGTGTCGTTCA  









Forward Primer GATCCCGATCCCGTTGTGT  





Forward Primer TGTGTAGGTCGGCGTCCATA  





Forward Primer TTTTTAGCAGAGGGCATTACA  






Forward Primer CAGCACCACAACCCTCCAA  




Forward Primer GCTTTTTGTCGGAGCGTGAA  
Reverse Primer TCTCTCGCCAGAACCTTGTCA 
XP_017298938.1 5-oxoprolinase-like 
Forward Primer GCCATTGGATGAGGAAGGAA  




Forward Primer CGTGGGAAGTGTTGAGAGCAT  




Forward Primer GGTGCCGGTACCATGGTTT  
Reverse Primer TTCCGGCTTTTTCCAAATGA 
XP_008468168.1 annexin B9 
Forward Primer CAACTACGGGATTCGGACCAT  
Reverse Primer GGCGTCAGCTCTAGCAGCAT 
XP_017300221.1 vinculin 
Forward Primer GAAGCACGACCCGAACAAAA  
Reverse Primer GTTGGCAGCTCTGTTCAATGC 
XP_008474732.1 mucin-5AC-like 
Forward Primer CAACCTGACCAAGGCTGCTATC  





Anexo capítulo III  
 
Supplementary Table 3.1: Predicted D. citri effectors on genomic and 
transcriptomic databases by bioinformatic tools.  































Ipr013547; intrinsically disordered regions; 
signal_peptide; non_cytoplasmic_domain; 
signalp-tm (signalp_gram_positive); signalp-






Ipr002557; ipr002557; pthr23301:sf42; 
pthr23301; non_cytoplasmic_domain; 
signal_peptide; ipr002557; signalp-notm 
(signalp_euk); ipr036508; 
Extracellular space 
DCEF_07 XP_008482131.1 ---NA--- 





















DCEF 11 XP_026681229.1 ---NA--- 








; Non_cytoplasmic_domain; signal_peptide; 





















































































ps51257; signalp-notm (signalp_euk); signalp-






























Intrinsically disordered regions; signalp-notm 
(signalp_euk) 
- 






Ipr031942; intrinsically disordered regions; 
intrinsically disordered 
regionsnon_cytoplasmic_domain; 















expressed on SiSo cells 








Ipr016186; pthr21407:sf1; pthr21407:sf1; 
pthr21407; pthr21407; signal_peptide; 
non_cytoplasmic_domain; ipr001304; cd00037; 
signalp-notm (signalp_euk); signalp-tm 
(signalp_gram_positive); ipr016187; 
Extracellular space 
DCEF_34 XP_008472683.1 gamma-hordein-3-like 





















































































































































Intrinsically disordered regions; 
non_cytoplasmic_domain; signal_peptide; 










































rich protein 3-like 

















Intrinsically disordered regions; signal_peptide; 







Intrinsically disordered regions; 
non_cytoplasmic_domain; signal_peptide; 


























adhesive plaque matrix 
protein-like 





















Intrinsically disordered regions; pthr11861; 
signal_peptide; non_cytoplasmic_domain; 
signalp-notm (signalp_gram_negative); signalp-





































Ipr002557; pthr22933:sf12; pthr22933; 
pthr22933:sf12; pthr22933; signal_peptide; 
non_cytoplasmic_domain; ipr002557; signalp-







Ipr000884; ipr036383; ipr000884; 
pthr11311:sf15; pthr11311; signal_peptide; 
non_cytoplasmic_domain; ipr000884; signalp-


















Ipr006170; ipr006170; ipr036728; pthr11857; 
signal_peptide; non_cytoplasmic_domain; 
signalp-tm (signalp_gram_positive); signalp-






Intrinsically disordered regions; Nucleus 
DCEF_83 XP_017300350.1 endoplasmin homolog 
Ipr020575; ipr003594;ipr001404; ipr001404 ; 
ipr036890 ipr003594; ipr037196; intrinsically 
disordered regions; pthr11528:sf73; ipr001404; 
non_cytoplasmic_domain; signal_peptide; 
ipr001404; ipr003594; signalp-notm 


















---NA--- Intrinsically disordered regions; Nucleus 
DCEF_88 XP_008483070.1 
otolith matrix protein 
OMM-64-like 






Ipr002861; ; pthr23130; pthr23130:sf122; 
signal_peptide; non_cytoplasmic_domain; 








Intrinsically disordered regions; - 
DCEF_91 XP_008477226.1 alpha-L-fucosidase 
Ipr016286; ipr000933; ipr031919; ipr000933; 
ipr016286 ; ipr000933; pthr10030:sf40; 
signal_peptide; non_cytoplasmic_domain; 






Ipr001604; ipr020821; ipr001604; ipr040255; 
pthr13966:sf11; non_cytoplasmic_domain; 









Signalp-notm (signalp_euk); signalp-tm 
(signalp_gram_positive) 
Mitochondrion 
DCEF_94 XP_017304622.1 cell-derived factor 2 
Ipr016093; ipr016093; pthr10050:sf46; 
ipr027005; ipr016093; ipr016093; signalp-notm 
(signalp_euk); ipr036300; 
Extracellular space 
DCEF_95 XP_008468734.1 cuticle protein 7-like 
Pr01217; ipr000618; intrinsically disordered 










Ipr002018; ipr029058; pthr11559:sf347; 
pthr11559:sf347; pthr11559; pthr11559; 
pthr11559; pthr11559:sf347; 
non_cytoplasmic_domain; signal_peptide; 






Ipr010562; ipr010562; ipr038606; intrinsically 
disordered regions; pthr11008; 
non_cytoplasmic_domain; signal_peptide; 
signalp-notm (signalp_euk); signalp-notm 
(signalp_gram_negative) 
Extracellular space 
DCEF_98 XP_008482920.1 beta-galactosidase 
Ipr001944; ipr008979; ipr026283 ; ipr008979; 
ipr031330; pthr23421:sf83; ipr001944; 
non_cytoplasmic_domain; signal_peptide; 
signalp-notm (signalp_euk); signalp-tm 
(signalp_gram_positive); ipr008979; ipr017853; 
Lysossome 
DCEF_99 XP_026680053.1 protein takeout-like 













Pr00421; ; pf13848; ipr013766; ; ipr005788; ; 
pthr18929; pthr18929:sf101; signal_peptide; 
non_cytoplasmic_domain; ipr013766; cd02961; 
cd02981; signalp-notm (signalp_euk); signalp-
tm (signalp_gram_positive); signalp-notm 









Ipr029033; ipr000560; pthr11567; 
pthr11567:sf170; signal_peptide; 
non_cytoplasmic_domain; ipr000560; signalp-























Ipr001382; ipr001382; ipr012341; intrinsically 
disordered regions; pthr11742:sf41; pthr11742; 
signal_peptide; non_cytoplasmic_domain; 






Ipr032062; ipr029058; ipr002018; intrinsically 
disordered regions; pthr43918; pthr43918:sf3; 
non_cytoplasmic_domain; signal_peptide; 





Ipr000668; ipr000668; ipr012599; ipr000668; 
intrinsically disordered regions; 
pthr12411:sf540; ipr013128; signal_peptide; 
non_cytoplasmic_domain; cd02620; signalp-













Ipr001148; ipr036398; ipr001148; ipr023561; 
pthr18952:sf183; non_cytoplasmic_domain; 
signal_peptide; ipr001148; cd00326; signalp-





















































DCEF_117 XP_008470924.1 ---NA--- 
Intrinsically disordered regions; 
non_cytoplasmic_domain; signal_peptide; 






































Pthr21398 ; pthr21398:sf19 ; pthr21398:sf19 ; 

































Intrinsically disordered regions; signal_peptide; 
non_cytoplasmic_domain; ; signalp-notm 
(signalp_euk) 
Extracellular space 
































Supplementary Table 3.2: D. citri effectors that presented similarity with arthropod 
salivary gland proteins.  





MpSG_ag2_G12 Myzus persicae, tobacco lineage, aphid 
salivary gland library Myzus persicae cDNA clone 
MpSG_ag2_G12, mRNA sequence 7,12978E-14 54.16 
DCEF_08 
CMRC-FF-IQ1-adf-m-03-0-CMRC.r1 Ceratitis capitata 
adult testes and male accessory gland cDNA library 
Ceratitis capitata cDNA 5', mRNA sequence 4,5147E-74 72.77 
DCEF_31 
FM983784 T.brucei infected salivary gland Glossina 
morsitans morsitans cDNA clone GMsg164a11.q1k, 
mRNA sequence 5,2774E-51 69.18 
DCEF_32 
MDEST1800 Hessian fly salivary gland cDNA Library 
Mayetiola destructor cDNA, mRNA sequence 1,95316E-12 55.21 
DCEF_33 
C03_RPL_P19 Fifth instar salivary gland cDNA library 
RPSG-1 Rhodnius prolixus cDNA, mRNA sequence 3,2419E-123 62.8 
DCEF_72 
E12_RPL_P21 Fifth instar salivary gland cDNA library 




MDEST596 Hessian fly salivary gland cDNA Library 
Mayetiola destructor cDNA, mRNA sequence 3,80814E-20 75.32 
DCEF_77 
MDEST1183 Hessian fly salivary gland cDNA Library 
Mayetiola destructor cDNA, mRNA sequence 2,54549E-53 53.65 
DCEF_78 
FM959793 T.brucei infected salivary gland Glossina 
morsitans morsitans cDNA clone GMsg49h05.p1k, mRNA 
sequence 1,34656E-25 57.91 
DCEF_81 
24d03 Pea Aphid Salivary Gland Acyrthosiphon pisum 
cDNA, mRNA sequence 1,51312E-25 57.56 
DCEF_83 
CTAR-P3-C08 Adult female salivary gland cDNA library 
Ctarsg1 Culex tarsalis cDNA, mRNA sequence 1,5477E-94 76.03 
DCEF_89 
14h08 Pea Aphid Salivary Gland Acyrthosiphon pisum 
cDNA, mRNA sequence 1,52827E-33 55.44 
DCEF_91 
TMSGM_P6-970987_091_C11 Salivary gland cDNA 
library T_mat_sg1 Triatoma matogrossensis cDNA, mRNA 
sequence 4,019E-109 80.,15 
DCEF_92 
OlaSG_05-E09 Orius laevigatus salivary gland-specific 
EST library Orius laevigatus cDNA, mRNA sequence 2,62456E-56 55.48 
DCEF_94 
SCF-PPTNCSG_P8_L6_A06 Adult female Phlebotomus 
papatasi salivary gland library PPTNC Phlebotomus 
papatasi cDNA, mRNA sequence 1,9442E-70 70.08 
DCEF_95 
B06_RPM_P23 Fifth instar salivary gland cDNA library 
RPSG-1 Rhodnius prolixus cDNA, mRNA sequence 4,68313E-14 77.46 
DCEF_96 
DC551362 phe- Bombyx mori cDNA clone E_FL_phe-
_24K18_F_0 5', mRNA sequence 2,02137E-51 52.42 
DCEF_97 
HA-GLN-49-libF_P24 Har-GLN norm Helicoverpa 
armigera cDNA, mRNA sequence 2,12639E-20 52.13 
DCEF_98 
ESG011b.E7_B09.5prime ESG01 Drosophila 
melanogaster cDNA 5' CT10342, mRNA sequence 5,94096E-68 62.98 
DCEF_99 
HV-PGN-384-05_P19 Hvir PG norm Heliothis virescens 
cDNA, mRNA sequence 5,75586E-32 51.96 
DCEF_100 
HA_MX1_62a02_SP6 Lobster Multiple Tissues, 
Normalized Homarus americanus cDNA clone 
HA_MX1_62a02 5' ref 6,68992E-56 56.74 
DCEF_101 
TMSGM_P7-971077_043_C05 Salivary gland cDNA 
library T_mat_sg1 Triatoma matogrossensis cDNA, mRNA 
sequence 8,8923E-106 70.85 
DCEF_102 
MDEST465 Hessian fly salivary gland cDNA Library 
Mayetiola destructor cDNA, mRNA sequence 3,58652E-30 52.06 
DCEF_103 
HA-GLN-384-07-libF_I09 Har-GLN norm Helicoverpa 
armigera cDNA, mRNA sequence 1,01124E-47 70.18 
DCEF_105 
HA-GLN-41-libF_H04 Har-GLN norm Helicoverpa 
armigera cDNA, mRNA sequence 4,7401E-112 65.48 
DCEF_107 
FM960354 T.brucei infected salivary gland Glossina 
morsitans morsitans cDNA clone GMsg05f10.p1k, mRNA 
sequence 6,57017E-67 57.43 
DCEF_109 
C10_C10sg1n19_pDNRf_515506 Myzus persicae, tobacco 
lineage, aphid salivary gland library Myzus persicae cDNA 
clone C10_C10sg1n19_pDNRf_515506, mRNA sequence 2,63724E-21 48.96 
DCEF_110 
SCF-PPTNCSG_P4_M2_A10 Adult female Phlebotomus 
papatasi salivary gland library PPTNC Phlebotomus 
papatasi cDNA, mRNA sequence 3,08162E-13 51.59 
DCEF_128 
DC548881 phe- Bombyx mori cDNA clone E_FL_phe-






Supplementary Table 3.3: Primer sequences for synthesis of dsRNA of six D. citri 
candidate effectors and control GFP.  
























Supplementary Table 3.4: Primer sequences for gene expression analysis of twelve 
D. citri candidate effectors 








































Supplementary Table 3.5: Mean (± SE) non-sequential EPG variable values for the 




Treatment PPWa NWEI Pb WDI P WDE P 
np Sucrose 15/15 5.6 ± 1.1 a 0.410 137.4 ± 19.4 a 0.28 24.5 ± 3.9 ab 0.01 
GFP 15/15 3.2 ± 0.1 a 91.9 ± 5.4 a 28.7 ± 7.2 a 
DECF_27 15/15 2.7 ± 0.4 a 103.3 ± 26.2 a 38.7 ± 8.4 bc 
DCEF_28 15/15 3.5 ± 0.7 a 91.8 ± 20.1 a 26.5 ± 5.7 ab 
DCEF_32 15/15 3.3 ± 0.5 a 139.8 ± 26.8 a 42.8 ± 7.6 c 
C Sucrose 15/15 10.1 ± 1.4 a 0.172 92.1 ± 11.6 a 0.50 9.2 ± 0.9 a <0.01 
GFP 15/15 6.7 ± 0.3 a 130.0 ± 5.3 a 19.3 ± 2.9 b 
DECF_27 15/15 7.1 ± 0.9 a 126.4 ± 19.3 a 17.9 ± 2.9 b 
DCEF_28 15/15 6.7 ± 1.4 a 95.8 ± 19.8 a 14.2 ± 2.2 b 
DCEF_32 15/15 6.3 ± 1.0 a 119.9 ± 20.5 a 19.1 ± 2.7 b 
Probe Sucrose 15/15 5.6 ± 1.1 a 0.318 342.6 ± 19.4 a 0.28 61.2 ± 11.7 a <0.01 
GFP 15/15 3.1 ± 0.1 a 388.1 ± 5.4 a 126.6 ± 23.7 ab 
DECF_27 15/15 2.5 ± 0.4 a 376.7 ± 26.2 a 154.0 ± 25.0 b 
DCEF_28 15/15 3.4 ± 0.7 a 388.2 ± 20.1 a 114.2 ± 21.9 b 
DCEF_32 15/15 3.1 ± 0.5 a 340.2 ± 26.8 a 110.9 ± 20.2 b 
G Sucrose 9/15 0.7 ± 0.7 a 0.10 31.7 ± 9.2 a 0.03 47.5 ± 7.2 a 0.54 
GFP 6/15 0.5 ± 0.04 a 34.1 ± 3.5 a 73.1 ± 19.7 a 
DECF_27 11/15 0.9 ± 0.9 a 58.8 ± 17.4 ac 63.0 ± 14.7 a 
DCEF_28 13/15 0.9 ± 0.1 a 100.4 ± 28.7 bc 115.9 ± 30.9 a 
DCEF_32 12/15 1.0 ± 0.2 a 104.4 ± 26.0 bc 104.4 ± 23.5 a 
D Sucrose 15/15 4.7 ± 0.9 a 0.14 1.9 ± 0.4 a 0.14 0.4 ± 0.02 ab 0.02 
GFP 15/15 3.9 ± 0.2 a 1.5 ± 0.1 a 0.4 ± 0.02 a 
DECF_27 13/15 4.2 ± 0.8 a 2.2 ± 0.7 a 0.5 ± 0.04 b 
DCEF_28 12/15 3.1 ± 1.1 a 1.2 ± 0.5 a 0.4 ± 0.02 ab 
DCEF_32 11/15 2.7 ± 0.7 a 1.3 ± 0.4 a 0.5 ± 0.05 ab 
E1 Sucrose 15/15 4.0 ± 0.7 a 0.22 4.7 ± 1.0 a 0.14 1.2 ± 0.7 a 0.07 
GFP 15/15 3.5 ± 0.2 a 3.0 ± 0.2 a 0.9 ± 0.1 a 
DECF_27 13/15 3.2 ± 0.7 a 2.5 ± 0.6 a 0.8 ± 0.1 a 
DCEF_28 12/15 3.0 ± 1.02 a 3.6 ± 1.9 a 1.2 ± 0.1 a 
DCEF_32 11/15 2.1 ± 0.5 a 2.7 ± 0.9 a 1.3 ± 0.3 a 
E2 Sucrose 15/15 1.9 ± 0.2 a 0.09 212.2 ± 37.8 a 0.184 109.8 ± 21.5 a 0.97 
GFP 15/15 1.7 ± 0.1 a 219.4 ± 9.3 a 131.6 ± 29.3 a 
DECF_27 12/15 1.5 ± 0.3 a 186.9 ± 38.4 a 121.9 ± 25.6 a 
DCEF_28 12/15 1.6 ± 0.3 a 187.2 ± 38.7 a 116.0 ± 25.5 a 
DCEF_32 8/15 1.0 ± 0.4 a 111.9 ± 39.2 a 111.9 ± 9.0 a 
E2s Sucrose 15/15 1.3 ± 0.1 a 0.04 - - 157.7 ± 23.9 a 0.91 
GFP 15/15 1.2 ± 0.0 a - 182.1 ± 33.9 a 
DECF_27 12/15 1.1 ± 0.2 a - 163.6 ± 28.3 a 
DCEF_28 12/15 1.3 ± 0.2 a - 146.9 ± 28.5 a 
DCEF_32 7/15 0.6 ± 0.2 b - 184.5 ± 43.5 a 
 
a PPW, proportion of individuals that produced the waveform type; b Statistical comparisons between the treatments 
‘Sucrose, GFP, DECF_27, DCEF_28 and DCEF_32’ or each parameter were made by: Tukey test for Gaussian 
distribution variables or non-parametric Kruskal-Wallis test for non-Gaussian distribution variables. Underline-type 












Supplemental figure 3.2: dsRNA stability on artificial diet solutions. Stability of 
GFP, DCEF_26, DCEF_27, DCEF_28, DCEF_32, DCEF_33 and DCEF_32dsRNAs 
obtained of artificial diet solutions after five days of in vitro experiments.  
